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SUMMARY

In order to more closely simulate rocket engine stability testing,
provisions were made for the input of arbitrary shaped pressure and
velocity waves in the Priem-Guentert Combustion Instability Model.

A series of sample cases have shown the engine stability map to be
sensitive to the shape and strength of the input disturbance with
asymmetric pulses showing lower stability. An asymmetric steep fronted
initial disturbance develops into a single pulse traveling wave more closely
resembling experiments.

Response and gain factor calbulations have been included in the
program to show the time and space averaged output/input ratio of the
vaporization process. Results show the average gain factor over a wave

cycle to be less than one in a stable case and greater than one for an
unstable case.
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INTRODUCTION

In recent years the use of the Priem Guentert (Ref. 1) mechanistic
instablility model has become a useful tool to relate the Influences of
various injector and propellant variables to tangential mode combustion
instability. Dynamic Science (Ref. 2), Rocketdyne (Ref. 3), the AFRPL
(Ref. 4), and Purdue University (Ref. 5) among others have performed
stabllity analyses of several rocket engine systems with a good degree
of success. The basic analysis procedure (Ref. 2) requires a coupling
of results from a Steady-State Combustion Program with either a general
stability map generated from the Instability Program or by direct applica-
tion of the program to several annular nodes of the engine. The stability
of the system is then related to that of the most sensitive node (usually
the zero drop/gas relative velocity point).

All results to date have been generated using a sinusoldal initlal
pressure disturbance. This input results In a8 symmetrical standing wave
which results from the addition of two waves traveling in opposite direc~
tions (Ref. 6). The purpose of this study was to determine the effects on
stability due to the input of initial disturbances of arbitrary shape for
both pressure and velocity. These inputs will more closely simulate
engine stability testing and the subsequent response of the engine
combustion process as experimentally observed.



ANALYSIS

Initial runs with asymmetric steep fronted Initial disturbances showed
severe numerical problems are encountered when calculating through regions
of steep gradients. The "wavelets" as reported by several authors(Ref. 3 and
6) who used symmetrical sinusoidal disturbances appeared much more extreme
in these cases and were the source of the numerical problems. Because of
this, a rather substantial amount of the program effort was expended toward
their elimination. This effort was repaid, however, by the increased con-
fidence in the valldity of the data that were subsequently generated. Appen-
dix A (Details of Analysis) describes the process followed to solve the
"wavelet" problem.

The shape of the asymmetric initlal disturbance chosen for study is
glven by:
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where AP’ and n are input variables. In general this equation leads to a
relatively shallow rise until 8 = 7 and a steep decay to 8 = 27,

In an attempt to provide a common basis between the linear and
nonlinear instability models, the calculation of a gain and response factor
was included in the instability program. The response factor N was defined as:
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where 1 - nondimensional burning or vaporization rate, w/ w

P - nondimensional chamber pressure, P/ P



subscript 1 - instantaneous value
(") - average value between 8= 0 and 8 = 27

6 - angular position

t - time

The point values of N were also averaged over a wave period to deter-
mine ﬁe, the average response factor per cycle. One problem encountered When
applying this technique was that in the case of the steep fronted input, the
wave period was not a constant at all times (frequency varied). For this
reason a running integral of response factor with time was maintained and
the average value determined over a wave cycle period that was estimated by
inspection.

In addition, the calculation of a gain factor was included. This
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RESULTS

Arbitrary Shaped Input

The calculated results indicated that an asymmetric initial disturbance
did indeed grow into a single pulse traveling wave. Figures 1 through 5
trace the pressure time history of a steep fronted initial disturbance.
As can be seen in Figure 5 (time from 8.0 to 9.5 radians) the resulting wave
is composed of a relatively flat low pressure portion and a single detonation-
like spike occupying about 60° of the chamber circumference. Another
interesting result is that the average theta velocity is in the direction
opposite to the propagation of the pressure pulse.

In order to demonstrate the effect of a steep fronted initial pressure
disturbance, a stability map was generated. The input conditions were
a monopropellant case, without drag,@ drop Reynolds number of 1000, and
relative velocity of 0.01 (same as Fig. 4 of Ref. 6). The steep fronted
initial disturbance used for study had a value of n = 3; glving one portion
of the wave increasing as sin®(1/2 8) and a steep portion decreasing
as sin®(1/2 9).

As can be seen from Figure 6. the steep fronted disturbance is sub~-
stantially more unstable. The reasons for this behavior are not completely
understood, however, the large gradients associated with a steep fronted
wave appear to have a significant destabilizing effect. Another factor
involved is that with the symmetrical (sine wave) input the two opposite
moving waves developed each travel through gas that has been processed
in the same manner. In the asymmetric wave case the two waves travel
through gas processed differently, coalesce into a single traveling wave,
essentially concentrating the wave energy. This single travel wave,
however, more closely resembles experimental results.



Gain and Response Factor Calculation

The results of two calculations in which the initial pressure disturbances
employed were slightly above, and slightly below the stability limit are
shown in Figure 7. The response and gain factors did indeed grow in an
unstable case and decay in a stable one. In addition, the average response
factor over the first cycle was about 0.5, 0.9, and 1.5 for cases which

were, respectively, stable, about neutral, and unstable.

An examination of the calculations used to prepare the stablility map
(Figure 6) indicated that calculations with average response factors over
the first wave cycle greater than 0.9 - 1.0 were unstable, while lower
calculated values vielded stable‘results. This agrees with the premise
of Reference 7, where it was shown that a combustion process with a
response factor greater than 0.9 was necessary to overcome the nozzle
loss, and drive an engine unstable. This response factor criterion
proved to be of particular value in determining the stability of waveforms
with low values of burning rate parameter (£ ),where previously, the case
had to be run to 12 time radians with pressure used as a criterion, stability
could now be measured in the first wave cycle (about 3.1 radians). For
moderate (0.5 to 1) and high burning rate parameters, stability could still
be estimated after a shorter time period with a pressure criterion. It should
be pointed out that the above concluslons were drawn from calculations
made with a restricted range of Re d and AV; therefore, their universal
validity should not be taken for granted.



CONCLUSIONS AND RECOMMENDATIONS

An asymmetric steep-fronted initial pressure disturbance was found
to substantially reduce the pressure pulse required to trigger an instablility
when compared to the pulse size required to trigger an initial symmetrical
sinusoidal input. The resulting wave is a single pulse traveling wave
which appears more physically realistic, It appears that the large
gradients associated with the steep-fronted waves contribute to the
reduced stabllity.

A response factor calculation included in the program has shown

instabllity to occur whenever its average value over a cycle is greater
than 0.9~1.0.

As a result of this work, it can be recommended that calculations
should be made to define:

1. Reasons behind the reduced stability with an asymmetric wave
over wide range of operating conditions.

2. Whether program results using as input spatial initial pressure
and velocity pulses measured during bomb and pulse gun tests
(Ref, 8) can be correlated with measured stability.

3. A further understanding and experimental correlation of the
transient and steady-state factors governing the response
factor. - This would enable one to make a priori estimates
of the response factor which would be related directly to
injector parameters.
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APPENDIX A
DETAILS OF ANALYSIS

To provide the data and guide the analysis of the severe "wavelet"
formation occurring with asymmetric input disturbances, a general SC4020
plotting routine was prepared. This permitted the rapld and economical dis-
play of all program variables versus any other program variables after an
arbitrary number of calculation cycles, e.g., pressure, %relocity, and burning
rate against theta position at various times. This form of the output proved
to be especially useful as a diagnostic tool in analyzing mathematical problems.

In preparation for including the capability for handling arbitrary
initial conditions of pressure and velocity (traveling waves) for all levels
~of input disturbances, a series of test cases showed numerical problems

with pressure pulses from 0.08 and higher depending on the values of other
input parameters (£,Re q AV). For many cases of practical interest, this
difficulty was overcome during the previous contract (NAS7-442) by the
implementation of an impliclt first-order corrector iteration scheme. How-
ever, for cases with high pressure disturbances numerical difficulties
continued to exist, and the problem could only be remedied by appropriately
decreasing the mesh size in reglons of difficulty. Decreasing the mesh size
led to excessive computer running time. An examination of plots of the
va}iables w (burning rate), Ve, and P versus 8 such as shown in Figures 8-10
at successive time steps showed the error propagating from the region where
| ava/a 6| was large and in particular the node where V6 = 0.

In Flgure 10, the error propagating from ‘the V9 = (0 nodes (i.e.,
8 = /2 and 3m/2) in both directions and the every other point nature of the
resulting instability suggested that the error was propagated by the 3/30
difference operator used to calculate BVG /30, 3T/9 8, and 3 p/38. Further
examination (Fig. 8) showed the theta derivative of w to be undefined and
w to be discontinuous at the V9 = 0 node by a time of 0.7500 radians. This

led to a suggested fix whereby the buming rate at the V9= 0 nodes was
i

15



interpolated rather than calculated directly, so as to remove the possibility
of numerical discontinuity. The interpolation formula used is

- - _ 1l =
W= w -3, -w)
- - 1
W = g lygte )
T §

w, = g (wtw )

i.e., averaged parabolic interpolation. A check run showed five figure
agreement with the integral of w overtheta as previously calculated showing
no change in the energy addition rate. The improvement in the results can
be seen by a comparison of Figures 10 and 11 where the first figure shows
the results from the program in the Final Report on contract NAS7-442 and
Figure 11 shows the results with w interpolated at the V9 = 0 nodes. The
“error is seen to be considerably reduced.

The every other point nature of the "wavelets" also suggested a modi~

fication of the theta direction difference operator. Therefore the operator

-y
38], 28
was replaced by

of £ —2f _+f

1
%], = 846 A gt £

i+2 -2

thereby tying together 4 positions; 2 on either side of the one being calculated.
Figure 12 shows the further improvement in the results for the same case as
Figures 10 and 11 with both the modified 8/36 difference operator and inter-
polation for w at V9= 0.

To integrate the equations a fully implicit method of the Crank~Nicolson
type was selected and the newly developed program, including arbitrary shaped
input is documented in Appendix B. Some interesting results were obtained
from the checkout cases run with the fully implicit program. Initial runs were
concerned with duplicating results from the previous version of the program
(Ref. 6). In fact as the number of nodes in the old program was increased from
40 - 80 - 160, the solution approached the new solution calculated using 40
nodes. Figure 13 shows the case shown previously when calculated with the

16



fully implicit program. The improvement, noted by comparing Figures 10-13, is
most significant. Flgures 14~17 show the history of an asymmetric pressure
wave given initially by:

P=1+0.4 sina(—é- 6), 0< 8< 3.55
P=1.0 ,3.55<8< 6.28

and shown as circle symbols in Figure 14. In Figure 14 it can be seen that

the artificial pressure discontinuity introduced by the initial conditions caused
numerical difficulties in the region of the discontinuity as evidenced by the
numerical oscillations in the subsequent time profiles. Tracing the history

of the wave through the following flgures, it may be seen that the effect

of the discontinuity {s continuously damped and has effectively disappeared
by a time of four radians (Fig. 17). Considering the magnitude of the Initial
pressure pulse and the size of the original discontinuity, the numerical
stability demonstrated by these results is quite remarkable.

1.1 addition, several cases were run with various step sizes in an effort
to determine optimum step size critical to employment of the Crank-Nicolson
integration subroutine. It was found that due to the greatly enhanced stability
characteristics, the stability of the solution no longer is critically dependent
upon the step size (both in absolute value and the ratio 8t/A8). The sole
criteria for choosing step sizes to eliminate the "wavelets" described In
References 2 and 6 is , therefore, that enough nodes be taken to insure that
the truncation errors remain within tolerable bounds, or in other words,
enoucgh nodes be taken to assure a complete point description of the resulting
waves. This, of course, is a function of the initial conditions and the

resulting gradients of the physlical parameters. It was found that 40 nodes
were adequate in the case of stable runs as these typically do not generate
large gradients. When the solutior} goes unstable (physically), steep
waves and large gradients are produced, therefore 40 nodes were found to
be sufficient to accurately predict stability or instability, however, if one
wished to continue the integration after the instability has formed, a larger
number of nodes is required depending on the severity of the instability.

As can be seen from Figures 14 thru 14d the resulting wave following a
steep fronted input becomes a nearly single pulse traveling wave more closely

resembling the experimental results as reported in Ref.9 as far as shape and
frequency.

17
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Angular Velocity, Ve
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Pressure Wave, P
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Pressure, P
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Figure 14d. Time History of a Discontinuous Pressure Disturbance (time =3.0-3.25).
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APPENDIX B

COMPUTER PROGRAM

Statement of Work

The implicit integration scheme chosen for incorporation into the coripu-
ter program is of the Crank-Nicolson type. This scheme was chosen for the
following reasons:

the scheme is implicit.

it is a second order method, i.e., the truncation error
is of O(At?) +O( A8®).

the stability and applicability of the method in solving
parabolic partial differential equations in general has
been well demonstrated.

the ease and speed in which the method could be imple-
mented into the program and applicability to arbitrary
initial conditions.

The basis of the Crank-Nicolson type of integration scheme is that
the values of the dependent variables at the next time step should depend
on the time derivatives evaluated at one half the time step, i.e.,

e +40)
fos + )

f(o,t + At) = £(8,t) + At

The above equation becomes second order in truncation error when compared
to a Talyor series expansion if the difference operator for the partial deriva-

tives in time is

o IS
(05 ) te,0 4+ si2)-s6.0) , L He tron-£(8, t+ )
5t

At/ 2 2 At/2

=1
2

= f(8,t+ At)-£(6,t)
At
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and accordingly, the derivatives in the 6 direction are also evaluated at time

t +—Az—t—. Thus the difference operators for the 8 derivatives are:

K+l | ook
e T W ¥ B S R
M 38 ® _Ga o tha -
58 7 Zre

2kHl a3k

ee o H 40N k4l okl k+l L ko k
¥ e T _ Gty R tEL 26f + 1)
28° 2 VY-

where the subscript i refers to the ith node and the superscript k
refers to the kth time step.

Linear terms appearing in the equations are evaluated as

gi = gi = 1
, .th

where j refers to the j iterant.
Nonlinear terms are handled as either
j k+1 j.k+1 k k e == 7F
9y . fi +gi.fi or g; fi gifi

2

depending on the order of magnitude of the two terms.

9;f; =

In this type of integration scheme, it is desirable to solve for the
values of the dependent variables at time t + At directly. However, since
the equations are nonlinear, the differenced equations result in a nonlinear
algebraic system of equations. These equations may be solved by linear-
izing the set and iterating until the solution converges. After substitution of
the difference operators into the pa{'tial differential equations as described in
NASA CR 920 and solving for the values of p, V
linearized form of the equations are:

0

,and T at time t + At, the

29



30

Notation

Notation for variables is the same as in NASA CR 920,
Appendix C , except that the primes have been dropped
for notational clarity.

£y)

Continuity
k+1 k+1 +1
nVi 1 k+1+ f__;__,_i(avei +avki 1 Lkt
L4a8 J Pi-1 Lat 2" 28 3z’ J Py
k+1
v k k k k k k
L [ o gy Y%y
L 218 Pin t 2 126 3z J ~ 2 38
— a_n-_.'; - "
VZ 7 * (Sf wf + oxwox) £)
Momentum
k+1vk+1
(2P e 2 g E0)y y Kkl
1 408 3 70825 "
- ¢ k+1 k+1
+\E_i_+_l_l_ gf{x!_}_ T oX 0X
Lat 3 AB=® 2
D D .
D g
d,f d,ox i ’ i
p]<+1V k+1
s S ) 2 i) kL
ARy ~3 7302 ] Vinl
- __k k.. k k B
oVer Ve Vi 1 3B
At 2 36 vy 986
k k
3%V V..
2 8L i Kk k f
+.§ gf(.y) YE -3 -Léifa% +£oxw0x } ('}’)
D
Pt k k k
_%\rf +rox>pilvelve.
d, f d,ox i 1



k+1
PRI
2A62
= kil o Kkl
1 fly) 0X  OX £t
+ At + y 62 + 2 f()}T
k1 ket
R S 9 £) | p R+l _
(220 2002 Tiel
- k¥ k.k k k+1
AT eV O hp Yz ooartt
At 2 Y 2
Ky
PV Tt L g 10) 221
2 d7Z 2 36°
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¥ + £ f
¢ oxwox fwf ) (Y) Ti
2
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S y-1] B (———+ —Z )
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+ £t W, £y )y
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where the k+1 terms within the coefficients are evaluated at the previous
{teration.

It should be noted that the resulting system of- equations would be a
tridiagonal system except for the first and last node. The system of equations
is thus solved approximately as a tridiagonal set using Gaussian elimination.
by estimating the values of the variables at the first and last nodes.

Asymmetric Wave Input
The pressure pulse wave input shape was arbitrarily chosen to be

AP _ , n' 6,
5 = A+ Apsin (2) , 0sO=<7
AP _ . 15n 8,
3 = A+ Apsm (z, , TSO<27
T 2m
~ _ n 6 . 15n,8
where A=1 - _i AP Sin (-2-) dée —‘g APSm (—2—) dé

where AP and n are input constants and A is a constant calculated so that there
is zero mass and energy addition into the annulus. The resulting wave is a very

steep fronted asymmetrical wave with continuous derivatives in the 8 direction
as shown in Figures 1 through 5.

.

Calculation of Gain and Response Factor

The following calculations were added to the computer program.

Gain
2m _
S <w§ez-w\3de
) = 9 s 7
GG (t) 2T =
: S (PfGZ—P\?de
o> 7
Response Factor
2m

SO (ug_&) (P;F)de

‘T =B
s /98
o] P

Né (t) =
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Root Mean Square Burning Rate

2
RMS 0

Root Mean Square Pressure

:1’8'

21
D2
S (\P_ P)de
P - Yo . P
RMS, 8 2m

Integral of the Response Factor

-t
I@) = (Bt Nz () dt

The integral of the response factor was evaluated using the Trapezoidal
rule. The other definite integrals were evaluated using Wedells rule.

The average response factor at any time, t, can be calculated as

e _Im-1@®~r7)
Ne,t(t) = forall t=z 7

once the period, T, has been determined by inspection.
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Program Input

The computer program input is standard FGRTRAN IV NAMELIST. Famili-
arity with this standard input procedure is assumed.

The input list of variables is as follows,

SDATA

AP =
DRAGF =
DRAGJ =
GAM =
HMAX =
MP =

ND =
NJg =
NJ =
REFD =
RE@D =

SC =
TI =
TSTJP =
VFZ =
VJZ =
VZ =
XJ =
XLF =
XLJ =
IFPLJT (1) =

, AMPLITUDE OF PRESSURE PULSE
' %

! '&ox
I} Y

' TIME STEP

, MP =2 - FUEL CONTROLLED BURNING
MP =4 - OXIDIZER CONTROLLED BURNING

, NJ OF N@DES (must be multiple of 20 plus 1)
, Print every N@th time step

, Print every NJth NODE

; R

! Re,ox

' Schmit No.

; Initial Time

e,f

, Final Time
R AVZ

,
! AVZ ,OX

Vz
. d
. <
ox th
, Plot control for the I- Plot
" PLOT if IFPLJT (1)
P 1

p

W

wOX

2
3
4
S
6
nothing 0



ITGEN = if ITGEN =0 1input plot times
if ITGEN # 0 plot times generated

TPLJT (1) = , inputted plot times if ITGEN = 0
TDELTA = , time increment for plots if ITGEN # 0
TFIRST = ; starting time for plots if ITGEN #0
TLAST = , end time for plots if ITGEN # 0
EMIN = ' error tolerance for integration
MAXIT = ; maximum no. of iterations per integration step
VSTART = ; initial value of Ve
SYM = , SYM = 0.0, sine wave input
"SYM #0.0, sinxgXP (XK*8) input
XEXP = . exponent for asymmetric wave
XK = B XK =1.0, sine wave
XK = 0.5, asymmetric wave
SEND

All program input parameters are dimensionless,

Program Description

The following paragraphs give a brief description of each subprogram in
the computer program and the major common blocks. The descriptions are
followed by a source language listing of the program.

* MAIN PRZGRAM BIPRZP

Controls the calculation procedure and print out.

SUBR@UTINE REED

Reads data, writes out the header for each case, and sets up the plotting.

SUBR@UTINE RSET

Calculates constants and computes the Initial data line for the sine wave.

SUBR@UTINE FIT

Calculates the burning rate at the VB =0 nodes using average parabolic

interpolation

SUBR@UTINE SCALE

Determines the optimal scale for plotting

SUBRZUTINE MAXMIN

Determines the maximum and minimum values of a given array.
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SUBRGUTINE @RG
Sets the counters for printed control.
SUBRZUTINE SETMAP

Sets up limits of calculations, determines maximum pressure node, and
calculates the initial data line for the asymmetric wave.

SUBR@UTINE ASET

Calculates the burning rates and the coefficients used in evaluating the
Z derivatives.

FUNCTIZN WEDS

Definite integral evaluator using Wedells rule.
SUBRZUTINE ZDIR

Calculates the Z derivatives.

SUBRGUTINE ABCD

Calculates the coefficients in the band matrices.
SUBR@UTINE DEINT

Solves for the values of p, VG’ and T at the next time step.
SUBR@UTINE INVTRI

Linear equation solver for tridiagonal sets of equations.
SUBR@ZUTINE MAPPER

Calculates auxlliary variables and maps some variables depending on the
type of initlal wave used.

SUBRZUTINE BARRED
Calculates average values.
SUBR@UTINE AUXCAL

Calculates the gain, response factor, integral of the response factor,
and traps certain variables for printing and plotting.

SUBR@UTINE PLTSUB
Controls the SC4020 plotting.
SUBR@GUTINE SEC@ND
Machine clock routine.
SUBR@UTINE SHIFT
Shifts and updates index pointers. Also checks on number of iterations.
SUBRZUTINE PURGE

Purges the plot buffers.

]



The major common regions used in the program are:

COMMON REGION:

CEMMYN/INDEX/

VARIABLE NAME

VARIABLE DESCRIPTION

NT

NTP

NTB

KTP

e A T S

KTB

KT

NC@N

pointer to the column in three-dimensional arrays
in which values of variables at time t are stored.

pointer to the column in three~dimensional arrays
in which values of variables at time t+At are
stored.

pointer to the column in three~dimensional arrays
in which averaged values of variables are stored.

pointer to the column In two-~dimenslonal arrays
in which values of variables at time t+At are
stored.

pointer to the column In two-dimensional arrays.
in which averaged values of variables are stored.

pointer to the column in two~dimensional arrays
in which values of variables at time t are stored.

pointer to the column in which the control buming

rate values are stored.
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COMMON REGION:

C@MME@N/B/

VARIABLE DIMENSI@N ‘ DESCRIPTION |
T 2 181,3 T
RHJ 181,3 | p
v '181 .3 ? A
P 181,2 p
DVTH 181,2 __a_\ﬁ,
DPTH 181,2 %13_
WEX 181,2 wox
WF 181,2 wf
VSQ 181,2 Vg2
DTTH 181,2 3T

' % |
WP § 181 (fox wox<t! + £fw]f"+1) £(y)
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COMMON REGION: COMM@N/CPNST/
VARIABLE DESCRIPTI@N
C@N(1) At/2
C@N(2) 1/4A8
lcgN(3) At/4A8
C@N(4) Jily)/n6°
'CEN(S) 2/39£(y)0 67
lcoN (6) 4/3956/)/6?
lcon®) 1/29-£6y)/A6°
{CON(8) £y £ly)
|CeN(9) 5 - £(y)/2
{C@N(10) Lx  f0)/2
{C@N(11) (B 0/ 2
JCON(12) y-1
IC@N(13) 4/3 gity) -y br-1)
IC@N(14) 1/848
IC@N(15) 1/At
lcaN(16) 1/248
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COMMON REGION

C@MMUEN/E/

Cell Description Cell Description Celll Description

1 Initial Time (TI) a1 |v, (vz) 61 (SCR)

2 Not Used 42 fly) (FGAM) 62 vly-1)/2.0 (s1P)

3 Not Used 43 ja, =27 XEND 63 | vir-1) (81P2)

4 Not Used 44 a,= Zﬂvz INVAN 64 Not Used

5 Not Used 45 Not Used 65 F*fly) (BC)

6 Max Step (HMAX) 46 a 4=27rvz INCY 66 4/3*9f (y) (BZ)

1 {'27,
7 Not Used 47 35=.)7J0Td9g\(5)] 67 Red,f (REFQ)
8 Min Error (EMIN) 48 a6=21r/'y 1A(6) ] 68 Red,ox (REFD)
Pz'lr 1/2

9 Not Used 49 a,= (y~1) Jopda 69 <Re 4, ox) (SRD2)
10 Not Used 50 a8=2‘n’vz 70 2(DTH) - (D2)
11 |Not Used 51 | ¢ cwl | 71 | (DrE)? (DSQ)
30 Not Used 52 | <, [c@) 72 (AVOXI 2)2 (DELIV)
31 Time Stop (ISTOP) | 53 |c, )] 73 | Not Used
32 £=£f +£OX (XL) 54 Theta Step (DTH) 74 £f ’ (XL.F)
33 Not Used 55 dv/3dz X(1)] 75 £ox (X1L.O)
34 Parameter, 2(X]) 56 d3p/dz XN 76 Avf,z (VFZ)
35 Not Used 57 3T/3z K@N 77 Avox,z (voz)
36 v (GAM) 58 Not Used 78 .&f (DRAGF)
37 |Init. Pres.Dist. (aP)| 59 | (Rey P72 (srD) | 79 - (DRAGO)
38 Not Used 60 .6*Sc**1/3 (SCB) | 80 (SCRO)
39 Schmidt No. (SC)
40 | @v, )% (DEL2Y)
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PROGRAM LISTING

PROGRAM BIPROP(INPUT,OUTPUT,PUNCH, TAPES=INPUT, TAPEA=OUTRPUT,
1 TAPER=PUNCH,TAPE4S)
MAIN PRIGRAM FOR COMBUSTION INSTABILITY MODEL OF DSC

COMMON/ZAINSZ XNSUM,RMSW,RMS8P, GAIN, RESPON,NCYCLE,XNAVE,NCNT
* 1 NSTZPS, XNSAVE(H00)

COMMIN/ZTLGAL T/ PLOTFSG

cOMMON /DE3UG/ IDEBUG

COMMIN /CNv/ 1My INDR, U, MALP, MGAM, MP, MPTN, MPTS

1 $ NCD, NDY, NJo» ND. NODs NODYL, NZ, N{
COMMAINZE/ SC(80)

COMMIN/ZPLT/Z ART(B00,3)

COMMIN/3/ T(181,3) RHO(181,3) » Ve181,3)
1 P(181,2) . DVTH(181.2) NPTH(181,2)
2 Wox¢181.,2) , WF(181.2) VSQ(181,2)
3 DTTH(181.:2) . Wpt 181

COMMONZINDEX/NT NTP,NTB,KTP,KTR,KT,NCON
DIMENSIIN £(200,%)
EQUIVALENCE ( F(1,1):XNSAVE(L) )

FrJIVAL_=NC= ,
1 (FCC 1), T1 ), (FCt 3), H ), (FC(31), TSTOP)
2 A(FCL32), XL ¥, (FCt33): RED), (FC(34), KJ )
3 HLFC(35), DELV), (FC(36), GAM), (FC(38), 712 )
4 L{(FC(39), SC ), (FCt74), TL ), (FC(75), TH )

1PLCT 135 CJRRENT NU OF PLOYS RESIDING IN BUFFER FCTPLT(1,JsK)
IPLCT = 0

12 = 1

v = 1

NN = ]

TPLCT 1
1PLCT =
CALL REZ

3 CJRRENT NO OF PLOTS RESIDING IN BUFFER FCTPLT([,d4K)

0
=D
SET BEGINNING INDEX POINTERS

NT=1 !
NTP=2

NTR=1

KYPz2

KT=1

KTa=1

N IS FOR 3 N ARRAYS AND K FOR 2 D ARRAYS
THE T IS FOR TIME = T
THE TP IS FOR TIME = T + DT

oo

]

THE TR IS

FOR RARRE

D VALUES
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AT

CALL RS=T

CALL OR3
call SsTMAR

10 CaL:y ASET

CALL ZD1R
CALL A3TDINT,KT)
NTR= MIDINT+1,3) +1
NTRPE MIDINT,3)+1
KT3=«T3

CALL DEINTENT )
CALL MA2PER(NTR,KTH)
NSAVE= NTP
NTP=NT3
NTRsVSAVE
60 T2 30

20 CALL ASET
CALL ZDIR
CALL BARRED
CALL A3ZD(NTPKTP)
CALL DEINT(NTP)
CALL MASPER(NTB,KTR)
GO TD 70

30 CcALL AJXCA.
IF( SLITFGNE, 0,0) CALL PLTSUR(IPLET)

TEST FOR PRINT STATION
IF -(MPTNY 40,550,600
QRANCH TO 50 IMPLIES PRINT POINT QORBTAINED
50 CALL S=TOND(TSEC)
Wk1TE(%,970) TSEC
970 FORMAT(30X,4HSEC=FE,3)
WRITE(S,97) ART(IU«L), ART(IU,2)s IM, (FCLJM),UM=55,57)
* 1 IZSPIN, XNAVE, GAIN, RMSA, RMSP
37 FORMAT (6HOTIME=FQ9,5 ,10X,17H{(PMAX=PMIN)/PAVF=F9,5,10X,3H]T=12
://)20X042HAXIAL DERIVATIVES FOR V;RHO) AND T [ 20 BB A A ] :/ ?
21 17X03216,7 41/
s 9%, 16HRESPONSE FACTOR=,E17,8,5X,
214AVZ, IIESPONSE FACTOR=,E17,8 /
RXa5H3AINZ, E1L7,8:¢5X, AHW RMS=,E17,8,5X,
6HP IMS=,£17,87/
Caxoinp17X,3HRHO;15X01HT)17X
270V THETA, t1X,6He FUFL 12X ,5HW X, a/)
WRITZ(6,98) (P (o KT RHOCINT I TC e NT)I o VEJaNT)I S WF (J KT )
1 WOX(J,KT), Je1.ND,NJ)
98 FORMAT (F14,3,2F18,5.,E22,5,F14,5,F18,5)
WHITE (5,9830)
98) FORMAT(L1HU.//7/)
52 U s 1J +1

N % % % % N>
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£ TEST FIX TIME STOF,
[€ (71 « TSTOR) 60, 55, 55

c STOREZ 2INT ROINT FOR PLOTTING
55 Z1P = ART(1,2)
1w = 1J -1
NN = N\=1

WRITE(5,990)
990 FORMAT(LH1,22X,12HTIME HISTORY////)
WRITE(A,99) (ART(Jal) ) ART(Us2) 0 ARTLIS3)2F(Js1)aF(Js2),FCJ)s3) s
* Jzi, 1)
39 FORMAT(LHD s 6X 4 4HTIME 15X L6H(PMAX=PMIN)/PAVE,4X,8HPRESSURE
1 210X, 4HGAIN,16X,15HRESPONSE FACTOR, 3X,
2 27HINTZGRAL OF RESPONSE FACTOR//,(6E20,8))
c BUNIH CTARDS FOR PLTPK
WRI1TE(8,905)1U
WRITE(R,913) (ART(J21)sd=1,1U)
905 FORMAT(5Xs 4HTIME/DX, 4HGAIN/SX,4HGAIN/1IX, SHEDATA/1X, SHANPTS=,

1 [16,1H 71X, BHX(1)=)

215 FROIMATLLX,4( E14,621H,))
WRITEZE(R,920)

920 FOURMAT(1X» SHY(1)=)
WRITEZ(R,913) (F{J,1)sJd=1,1U 3
WRITE(R,923)

223 FURMAT (41X, 4HBEND)

COWRITE(R,980) _
93) FORMAT(53Xs 4HTIMF/5X1HN/3X, *RESPONSE FACTQOR®/1X, *&DATAx/1X,
1 5HY(1)=)
WRITEC(R,913) ( F(js2)2J31,11)
WRITE=(8,923)
IF(PLOTTG,20, 0,3) GD TO 5

c CANY CA_. PJRGE DIRECTLY SINCF PURGF(1) HAS SPECIAL FUNCTION
caLl PJIGE (1)
30 T40 5
C SUBRIUTINE SHIFT UPDATES TERMS [NVOLVED WITH INTEGRATION=
60 MEAM=ZE +1
50 1) 20 )

70 CALL SHIFT
1F (MGEAv)10,20,20

ENU
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1
2
3

1
2
3

0 N O U B NN

1

SJUBROJITINZ REED
COMMON/TLGRLT/ PLOTFG
COMMON /CNv/ IM, IN
lNqu
COMMON/ZITER/ MAXIT
COUMMON /DE3UG/ IDEBUG
COMMONZZ/ FCULBE)
COMMION/MESS/SYM
COMMON/ 3/ TL181,3)
PLl181.2)
WOX(18142)
DTTH(181,2)
COMMON/ _AW/NFLAG) XK, X
DIMENSIIN [PRNT(2)

COMMONZINDEZXZNT 4 NTP NTR,,KTP,KTRB,KT,NCON
COMMIN/VMARKET/ NPATH,VSTART , NPMAX

COMMIAN /PLINFQ/ FCTRLT(181,644),

» LFPLOT(S), TIMEP(A4
2UFLX , IP_OT, NLPHGH
» NPLT, N2HRLT, XLEF
NIMENSTION  WT(20), B8C
FQUIVALINCEZ

(FCC 13, 711 )

O(FC( 9): EMAX )!

,(FC(SZ). XL )l

2 (FCCY5), DELY )y

r(FC(39), SC N

2 {FC(587), REFD ).

(FC(T75%), XLO |

1 (FC(/8), DRAGF ).
DATA [23INT/10H FUkL
MAMELIST /DATA/ AP
» REFD, REJD, SC» T,
. DEL, DELT, IFPLOT,
s NPLPT, NOHPLT, NTHP
» TFIKST, TLAST, TDEL
. TIVMAX, T2LMAX
, lu=EBJS

SEMINGMAXIT

e XK X2 XP

s VSTART

»SYM
vSYART=0,0
IFRPLOT(1)s0
NPP = 39

DR, IU, MALP, MGAM, MP, MPTN, MPTS
NI, NJa NO, NOD, NODY, NZ, Ny
’ RHO(181,3) » vi181:3)
’ DVTH(181,2) » NPTH(181,2)
’ WF(1B1.:2) VSQ(181,2)
' Wpt 181)
EXP
TITLE(S)
Yo THETARP(181), YT{(6), YB(6), TPLOT(50)
» NLPHGY, NLTHGH, NLTHGV, NPLPF
Ts XRIGHT, TIMAX, IPLMAX
13e12)
(FCt 6)s HMAX )., (FC( 8), EMIN )
(FCt11),: WTL1)). (FC(31), TSTOP)
(FCt33), REN ), (FC(34), XJ )
(FCt36))y GAM ), (FC(37), AP )
(FCta41), VZ )a (FC(54), DTH )
(FC(68),y REOD ) (FC(74), XLF )
(FC(76)s VFZ ) (FC(77Y, v0Z )
(FC(79), DRAGN)
»104 OXIDIZER /
r] DQAGF' DRAGDI GAMJ HMAXO Mp] ND! NO‘
TSTOP, VFZ, V0OZs, VZs XJs» XLFa2 XLO
ITGEN, NLPHGV, NLPHGH, NLTHGV, NLTHGH
LT, TPLOT
TA

NJ

s
1

]
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30

31

33

1

1

Lol elle R R SRV I YU S

NTHPLT = 0
NPLFF=4
NPHPLT = 0
DELX=0,0001
SyYM=0,0
1TGEN =1
MAXIT=4
EMAX=,01

FMIN=,0001
NLPHGV = 13

NLPH3H = 10
NLTH3V = 7
NLTH3H s 7
IDEBJG = 1
TI=0.0
TFIRST=(0,0
XK=1,0
XEXP=1,0
NFLAG=(

REAUCS5,30) (TITLF(I),1=1,%)

FORMAT(3A10)

IFC EQF, 5) 99,1

READ(S,2ATA)

WRITZ(6,91) (TITLE(I),1=21,%)

FORIMAT (1H1,38X,41HDYNAMIC SCIFNCE BIPROPELLANT INSTABILIT
» 7TH2RIZRAM s//7 SA1D)Y

XLEXLF+XLO

TFOX<, N2y 1,0) NFLAG=1,0

IF( XK, ,NE, 1,0 ) XK=D,5

NDS((ND=1)/5)*5+]

YN = N = 3

DTH = 5,2831853071/XNp

TSTS=HYAX/DTH

WRITEZ (85493) AP XLF XL, REFDIREONSVFZ,V0Z»DRAGF ,DRAGD
»XJa3AMLST VL, TL, HMAX, TSTOP, DTH, TSTS

FORMAT(//247HUINITIAL AMPLITUDE NF PRESSURE DISTUKRRANCF,AP =

sF9.60/7/777051%, 20HSTABILITY PARAMETERS//,51X24HFUEL, 8X
¢ BHIXIDILZR//7/ 14X 24HBURNING=RATE PARAMETER,L 421X,F9,3,
13%X0F9,3,/7,4Xs BHRE SUR Ny 37X,F9,0:3XsF9,0,77

14X 254RE_ATIVE VELOCTITY, DELTA V,19X,F9,4,3X,F%,4,//
s4Xs LHHDRAG PARAMETFRIO s 29X0F9,2:3X0FQ,2 2721777777/
218X, 344 =IE12250/OQXO%HGAMMA 22F7,4,/,16H SCHMIDT NO,
2F744,727%X,9HY SUB 27 ::F9.6a//.////

2154 INITIAL TIME =2,F9,6,20X,12HTIME STEP 2,F9,6,/

215+ FINAL TIME =,F9,6,20X,12HTHETA STEP 2,F9,6./

0 34X 1 22HTIME STERP/THETA STEP =,F9,6.//7)

MP=2 FJEL 0R MPz4 OX, CONTROLS BURNING

Y

45



24

95

Y YYD

27
28
29

200

30

Oy

31

320

321

33

9
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MMP= M2/2
£ 94 IND, IPRNT(MMP) ,NJ,ND

?giﬁi§?2x.1ﬁﬁ&é. OF NODES =:14/ 4X,A10,17HCONTROLED RURNING//
* 20X, 13HPRINT CONTROL/4X,44HPRINT FVERY NJ TH NODE EVERY NO
*TH TIME STEP/4X,10M, WHERE NJ=,14,3X, BHAND NO =,14)
WRITE(5,95)

FORMAT (1LHL1)

NPLT = 3

1F (NTHARLT) 30.26,30

IF THETA P_OTTING HAS BEEN REQUESTED, CHECK RANGE OF REQUESTED
FUNCTIONS 1=P, 2zRMO, 3=T, 4=V, 5z=wWF. 6=WOX .
FOR COM2UTZD GO TO MUST WAVE LIMITS 1 TO 6 INCLUSIVE

DO 27 1 = 1,6
1F (IF>_0T(1),EQ,0) GO TO 28
[FCCIF2_0TCI) LT 1), 0R, (IFPLOTCI)(GT.6)) GO TQ 29

NPLT = NPLT + 1

CONMTINJE

[FANPLT, GT,0) GO TO 39

WRITZ(5,200)

FORMAT(53H1THETA GRAPHS DELETED DUF TO INPUT ERROR IN TFPLOTIT Y)Y
NRPLT = 9

CONTINIEZ

1F (NPT ,EQ,0) GO YO 40

PP CITEENY 35,31,35

TF {TFIRSTLT,T1) TFIRST = T1
TRLAT(L) = TFIRST

NG 34 122,\PP

TEMP = TPLIOT(l«1) + TDFLTA

IF (TEM2,LT,TLAST) GO TQO 321
TPLUT(1) = TULAST

[PLMAX = ]

GO Y2 35

IF (TEM2,LT.TSTQP)Y GO TO 33
TPLOT(1) = TSTOP

60 T2 320
TPLOT(1) =
1PLMAX s ]
CONTIN 2
CONTIngz
IFCIDE3JG,Z0,;0) WRITE(6,100) ( 1.TPLOTCI)al=1,1PLMAX)
FORMAT(LHL1,10HPLOT TABLE// (15,E20,8)/)

IPLUT = 1

TEMP

GEMERATZ FUNCTION THFTAP(361)
TuETAP(L)Y = @

DO 15 I1x = 2,MD

THETAP(IX) = THETAP(IX=1) + DTH



15 CONTINJZ
IFCIDERJG,EZQ,0) WRITE(6,101) (1, THFTAP(]).1=21,ND)
101 FORMAT({H1,16HTHETA(RAD) TABLE// (15,E20,8))
40 CONTINJE
PLOTFG=NPLT
RETURN
99 WRITE(%,210)
210 FORMAT(16HOSTOPPED IN REED)
STOP
END
SUIIDUTINE RSET
c
' COMMIN/ 3/ T(181,3) , RHO(181,3) , V(181,3)
1 P(181,2) . DVTH(181,2) . NPTH(181,2)
? WOX(181:2) WF(181,2) VSQ(181.2)
3 NTTH(181.2) WPt 181)
COMMIN/VARKETY/ NPATH, VSTART NPMAX
COMMIN/ZONST/ZCON(20)
COMMON /CNv/ IM, INDR, IUs MALP, MGAM, MP: MPTN, MPTS
1 »NCD, ND ., N.Js NO, NODs» NOD1, NZ. N1
COMMON/ AW/NFLAG, XK, XEXP :
COMMON/Z INDEX/NTAONTP NTR,KTP,KTR,KT,NCON
COMMIN/Z/ TC(80)
COMMON/ZNODESY NCRIT(2)
COMMON/ZAINGSZ XNSUM RMSW,RMSP, GAIN, RESPON,NCYCLE,XNAVE,NCNT
oW JNSTEPS, XNSAVE(AQQ)
c ‘
NDIMENSIIN A(11)
FAQUIVALENCE ( FCLte), HMAX) 1 {FC(31), TSTOP)
FQUIVA_ZNC= (FC(32), XL ) (FCt33), RED )
1, (FLE34). XJ ), (FCE35), DELY ), (FCt36), 0AM )
2, (FC(37). AP ) (FCt38), 1P ) e (FC(39), SC )
3¢ (FC(40), DELZ2V ), (FCt41)s VZ ), (FCt42), FGaAM )
4, (FC(43), A ), (FCt54), DTH ), (FC(59), SRD )
5, (FC(&D), SCR ), (FCt61): SCR Y (FC(62), S]P )
6. (FC(53), SIP2 ), (FCted), BB ) (FCt65), BC )
7. (FC(56)s RZ ), (FC(67)y REFD s (FCt68), REOD )
8, (7C(59), SKDhz ), (FCt70), D2 ), (FC(71), DSA )
9, (FCL72)» DELLV ), (FCt726), VFZ )y (FC(77), vO2Z )
Ay, (FC(78), DRAGF )}, (FCt79), DRAGO ), (FC(80), SCRD )
* s (FZ(74),XLF) f(FC(79),XL0)
e
c SET JP  INITIAL ARRAY
o

A(1)=6,285185%31
AC2) =A(13*VZ

47
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XNSAVE(L)=0,0
XNSUM=D,0
NCYCLE=A(L1)/HMAX +1,¢
NCNT=Q
NSTEPSzTSTIP/HMAX +1.,
GAML = 3AM + 1,0

FGAY = SQRT ((2,0/GAM1)+#(GAML/(GAM=L,0)))

BS 2 XJ*FGAM
BZ 2 1,3333333333+RC
DEL2V = VFZ##2
DELLV = VOZ##2
SIP2= GAM*(GAM « 1,0)
S1P2 = SI2272,0
ZIP = 3AM « Slp#pFElL2V
SRD =3QRT (REFN)
SRD2=z3QRT (REQD)
SCB = ;5 ®SCww 33333333333

SCR = 2,0 + SCB*SORT (ARS(VFZ))#*SRD
SCRJ= 2,0 + SCB*SQART (ABS(VQZ))*SRD2

pe = 2.,0«DTH
DSO=DTH#*?2
NOD = 2#ND
NOUL = 3+ND
NZ = ND + 1
N1 = ND = %

CALC MAX AND MIN NOPDE NUMBERS FOR BURNING RATES

NCRIT(1)=N1/4+1
NCRIT(2)=3%NE/4e1
CON1=1,0/GAM
cONZ221,0-CONY

CONSTANTS FOR COEFF CALC

CON(1)= HMAXS(,5

CON(2)= 0,257DTH

CON(3)= HMAX®¥CON(2)

CON(4Y)z  XJx FGAM / DTH+«2
CON(S)= 0,6666667« CON(4)
COM(8)z 2,0 * CON(S)
coN(7)= 0,5 * CON(4)
CON(B)=  X_ & GAM *FGAM
cON(9) = X, F * FGAM #0,5
coN(10)= XL0 * FGAM *Q,5
coN(11)= 0,5%( DRAGD +DRAGF)
CONC12)= A3S{GAM =1,0)
CON(13)21,3333334X ) #FGAM*»CON(L12)*GAM
CON(14)= 0,125/DTH

cOoN(15)2 1,07HMAX
coN(16)20,5/DTH

NEXP=XZXP

nog 29 Is1,ND

v



xisl-1
Z1G=EX]*DTH
SINE=SIN(XL<*Z]G)

P(1s,1)=1,0+ AP*SINFe*NEXP

NPIM(l,1)=
IF(XEX2,NE,
T(I:1)= P(l,1)=%CON2

RHACT,1)=P(],1)**CONL

V(1,1)=VSTART
NDVTH(I,1)=0,0
NTTH(I,1)=

RETUIN
END

XKeXEXP*AP*COS(XK*Z1G)
1:0) DPTH(I ,4)=DPTH(],1)*SINE**(NEXP=1)

CONZ/RHOC(T, 1) #DPTH(T,1)

SUHRJUTINE ORG

COMMON /CONM/ M,
1 2 NCD,
COMMIN/Z/ FC(80)

DIMENSTIIN A(20)

EuJdlva_
1 » (FCK(
2+ (FCL
3 s (FCU

=N =

) H ),
&), HMAX ),
9), EMAX ),

Fi=g,
HEsHAMAX
IM = 0
M3AM =
MPTN=(
MPTSEND
NCD=D

-1

RETJRN
ENU

INUR,

IU,

(FC ¢
tFCt 4),
(FCC 7).
(FCC10).,

1),

MALP,
NG,

T
HO
HZD2
E1l

MGAM,
NOD»

Yy
)
Y
)

MP,
NOD1,

(FCt
(FC( 5),
(FC( 81},
(FCc(i1),

23,

MPTN,

NZ,

W

MPTS

!
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200

300

50

SURRJUTINE SETMAP

COMMON/ 3/ T(1681:3) .
1 P(181,2) .
2 WOX(181,2) ,
3 DTTH(1R1,2) o

COMMON/ _IMITS/
COMMON/ JAW/NFLAG, XKk, XEXP
COMMOION /CNM/ IM, INDR, 1V,
1, W NCD, ND, NuJ s
COMMON/NOUSS/NCRIT(2)

RMO(181,3) »

DYTH(181.2)

WFE181,2)
WPt 181)

MALP, MGAM, MP,
NC, NOD, NOD1,

COMMON/MARLKET/ NPATH,VSTART,NPMAX

COMMON/YESS/BYM .
COMMON/E/F2(B3),DTH,DUM(26)
EQUIVALSNCE ( FC(36),GAM)
1F(SYM NE,D,0)G0 TO 300
1FEVSTART  NE, 0,0) GO TO 300
JF(X<,Nzy 1,0) GO TO 200
STRAIGHT SINE WAVE INPUT

NPATH=1
NPMAXSNCRIT(1)
NI1=NCRIT(L)
NE1=NCR]T(2)
RETUSIN

SINZ 1/2 THETA INPUT
NPATH=2
NPMAXENL/2+3
N[1=1
NE1=sNPVAX
npTH(1,1)=0,0
RETURN '

ASYMzTRICAL OR V THFTA INPUT
NPATH=3
ARPSFC(37)
NPMAX=1
Nll=1
NE1=N1
IF(S§YM,=20,0,0)60 YO 39Q
NK=N1/72+1
CON1=1,0/GAM
cong=1,0-CONE
NFXP=135,0*XEXP
XEXPOSNEXP
NEXPLENZXP =1
no 350 [=N<,N1
xi=l=1
71GsX]#«QTH

sNE, 0,0

V(181,:3) »

NPTH(181,2)
VsQ@(181,2)

NI1.NEL1,NT2,NE2,NI3,NES+JSTART, JEND

MPTN,
NZ,

MPTS
N1

]
2



ANGEXK*e/ 1

SINE=STN(ANG)

P(1,1)=]1,0+AP+*SINE*aNEXP
nPTH(I.1)=XKiXEXPO*AP*COS(ANG)*SINFntNEXPl

359 CONTINJSZ
PBASWEDNS(P(1,1))/6,2831853
AMINUS=2BA-1,0
Do 380 7=1,ND
P(1,1)=23(1,1)=-AMINUS
TC121)=3(],1)*eCnIN?
RHO(T,1)=P(,1)Ye*CONT
NTTH(L,1)YEC0ON2/RHO(L 1) *DPTHI,1)
I_)  CcoMTINJ:=
397  XMAXZP(1,1)
DO 400 [=1,N1 :
YMAXZAMAXL(XMAX,P(1,1) )
_ TFC 2¢1,1) ,EQ, XMAX) NPMAX=1l
400  CONTINJE
RETUIN
FND I
SUIWUTINE  ASET
[ .
C THIS  SJBRIUTINE CALCULATES THE CNEFFICIENTS FOR THE AXTAL
C DERIVATIVE PACKAGE AN!) ALSO INITIATES THE W ARRAY AND THE WZ
C ARRAY,
C
COMMIN/ _AW/NFLAG, XK, XEXP
COMMIN /CONM/ IM, TMDR, U, MALP, MGAM, MP, MPTN, MPTS
| 2 NCD, N1, NuJ» N, NOD, NND1, NZ., N1
COMMIN/ZE/ TC(8D)
COMMIN/ZNOUBZS/ NCRIT(2)
cuvMMdInzs3/ T(181,3) , RHD11%1,3) vi181,3) ,
1 P(181,2) . NVTH(181,2) NPTH(181,2) ,
2 WNX(181,2) WF(1R81,2) o VSQ(181,2) ,
3 DTTH(181.2) , WP ( 1#21)
COMMANZINDZX/NTHNTP NTR,KTR,KTR,KT,NCON
~
NIMENS 1IN A(11)1A1f361)19VD(361)oB?D(361)oC(S)oDD(361)ppvuldéi)
c
NIYMENSIIN 4(181,4) :
FEuJdIVA_ZNCS (W{1,1), WOXC1,1) )
FgJlva_zINCE
1 (FCC32), XL ), (FC(33), RED )., (FC(34), XJ )
2 2(FC(35), DELV), (FCt36): GAM ), (FC(38), 7I» )
3 2(FCL39), SC ), (FC(40), DEL2V), (FC(41), V2 )
4 2 {FC(42), FGAM), (FCt43), A ) (FC(51), C )
5 2 {FC(39), SRND ), (FCte0), SCR ), (FC(61), SCrR )
6 2(F0C(82), SIP ), (FC(63): SIP2 ), (FC(64), BR )
7 s {7C(55), RC ), (FCtee), HZ ), (FC(67), REFD )
8 J(FC(58), REOD), (FC(69), SRD2 ), (FC(72), DELIV)
9 L(FC(74), YLF ), (FCt75), XLD ), (FCt76), VFZ )
A S (FC(77), Vv0Z ), (FCt78), DRAGF), (FC{(79), DRAGN)
B 2(FC¢30), SCROY

51



10

" 13
20

25

28

30

49

43
45
47

52

IF(MGAM)Y5,»10,10
K1=KT

K2=NT
NCON=MID(MD,4) «K
GO T2 13 o
K1i=KTP

K2=NTP
NCON=MID(M>2,4)+KTP

DO 25 131,ND
IF(RH0(],K2) )60,20,20
VSO(T,<1)3V(T,K2)#*2

WFC1aK1)=(2,0+SCR*SQRT(RHO(I,K2)*SORT(VSQ(I4KL) #DEL2V)I)I*SRD)/SCR
WOX(1,41)2(2;04SCB*SORT(RAO(T K2)*SGRT(VSQ([,K1) +NEL1V))*SRD2)/

CONTINYS
TFINFLAZ)SD,28,30
CALL FIT(WIX(L,K1))
CALL FIT(WF(1,K1))
CONTINJZ
N0 40 I = 1, ND
BVE(I)= RHI(1,K2)s V(],K2)
RZD(I)=z BVD(I)*UTTH(I,K1)
Y= POI.KL)*DVTHIT K1)
T XLF®WF(I,K1) + XLO*WOX(].K1)
T VEZEAF(I,K1)*XLF  +VD7¥XLO*W0X(1.K1)
X *GAMEA (I NCON)=AZ(1)*T(].K?2)
SI2*(  XLF*(VSQ(l,K1)+DEL?V)I*WF(],K1)
+ XL O®(VSQUIaKII#DFLIVIYWOX(T1,K1) )

“CUMTINJE

A(D)= WNZDSC T(1,K2) )/GAM

A(7)=(5aM=1,0)% WEDS(P(1,K1) )

C(1)s  TGAMx WEDS(AZ)

C(2)=~F5AMSWEDS(DD)

C(3)SFIAM*AEDS(WRP (1)) =(GAM=1,)*WEDS(PVN)I~WFNS(BZD)

IF(M3AM)YE8,47,47

no 45 I=21,ND

WRII)=F3AM*AZ(])

1F(URA3) +DRAGF ,LT, 1,0E=15) RETURN
R SJB D,F = R SURB D?OX = 1,

C(2)=C(2)~5,28318531*(DRAGF*ABS(VFZ)*VFZ+DRAGO*ABSIVNZ)*V0Z)
ne 50 1=1,ND

X1+= v3Q(T,.K1) +pEL2V

X2= V3Q(I,K1) +pEL1V

PVD(I)= RHI(1,K2)*X1* SQRT(X1)

RLN(EI)= RHI(1,K2)«X2* SQRT(X2)

SCRO



5

5 CcONTINDS
CL3)=CI3)+SIP2w{DRAGF#+WENS(PVD)+DRAGOFWEDNS(BZD))

RETJRN
r
60 WRITE(S,210FC(1), (P(JyK1), RHOCJ,K2), TCJsK2)s VI(Jak2},
1 WFCJaKL)sWOX(Je K1)y Js1,ND)
21 FORMAT(LHG,1E20,8/7(6E18,8))
S10°2
END
SURRDUTINE FIT(F)
COMMON/NODZS/NCRIT2)
NIMENSIIN F(1) ‘
r T41$ SUBRUUTINE USES AVERAGED PARABOLIC INTERPOLATION
r T EVALUATE PARAMFTERS A1 THE V THETA =0 NODES
o

NO 106 131,2
JENCRITL)
FUJ)Z0,06666667%( F(J+1)+F (U=t )=(F(I¥2)+F(J=213/6,0

100 cOMTINIz

RETUIN
Eald

SURRJUTINE  ZDIR

~ COMMON/3AR/VZCZ, RHOCZ,TCZaVZICZB, RHOCZR, TCZH
o nDMMAN /CNM/Z 0 IM, INDR, U, MALP, MGAM, MP, MPTN, MPTS
1 p\‘CDp NTI, \(J; NO) N[)Dl NnDip N7p N1

coMMIN/z/ TC80)

DIMENSTIN A(B), C(3)s X(4)

EQUIVA _ZNCE (FCt36), GAM ), (FCt41), vZ )
1. (7C(432, A )y (FC(51), C )y (FC(551, X )

X(1IE(2(2)=A(D)Y*C(1)/A2)Y=A(6 )+ (31 /AC8))
1 /(A (4)=AtHY*A(LI/A(2)=A(B)*A(TI/ALRY))
X(2)2 ({1l =Al1)eX(1))/A(2)
XE3)s(2(3)=A(7)ex(1))/A(8)
TF(M3aM)12,10,10 !

16 RETUIN
1  vLTL=X1)

ReOCZzX12)
TCL=X(3)
TWAWEL S SG N
RHNGCZH=xX(2)
TC782X(3)

RETURN
END

33



FUNSTION WEDS(B)
THIS FJNCTION EMPLOYS WEDDLES RULE T0 EVALUATE THE INTEGRAL(0,2PI)

COMMON/NM/ DUMLC15) N1
COMMIN/Z/ FC(8N)

NDIMENSTION  B(1)

EQUIVALENCE (FC(54),DTH)

UM = 1,0
Do 30 1 = 1,N1.,5
50 SUM = SUM + 3B8,*R(1) «75,%(B(I1+1) + B(1+4)) + 50,*(BC]+2) +

1 3(1+3)) ’
WEDS = 2,0+*DTH/288,«8UM
RETURN
END

[ Jban Ibe

SURRIUTINE BARRED

COMMIN/ 3/ T(181:8) RHO(181,3) V(181,3)
1 P(181.2) DVTH(1R1,2) NPTH(181,2) .
? WOX(181.2) , WF(181.2) VSQ(181,2) .
3 DTTH{1R1.2) . WP ( 181)

COMMON/IAR/VZCZ, RHQCZ,TCZV7C78, RHOCZR,TC78

COMMON/INDEX/NT ,NTP,NTR,KTP,KTH, KT, NCON

COMMON/Z/ TCLB0)

COMMON /CN4/ [M, INDR, [U, MALP, MGAM, MP, MPTN, MPTS
1 »NCD, ND NuJo NO NOD,s, NODA, N7, N1
NIMENSTUN X(4)

EGUIVAL_ENCS (FCt36): GAM Y (FC(41), V!Z 3
1 S{FC(3B),Xx{(L))

* 2 (F (74, X1LF) LFCO75),XL0)

» »(F2(42),FLAM)

THIS SUB CALCS AVE OR BARRED VALUES

ng 200 Is1.ND

TCIaNT3)=2 0,2%(T(L4NTI+T(], ,NTP) )

RHOCTaNTHY= 0,520 RHOCTIS,NTY + RHOCT,,NTP) )
VEToNT3) = 0,520 VEOIANTY « VOINTP) )

P(1,4AT3) = 0,5%( P{l.KT) ¢ PL],KTP) )
DPYTH(L,ATBY=0,5%( DPTH(I.,KT) + NPTH(],KTP) )
WPCL) = FGAMB(XLO»WOX(TI,KTP) + XLF*WF(I1,KTP) )
AOX{T,CTB) 28,50 WDX(],KT) + WOXCI,KTYP ) )
AF (]2 KTR) =0.5%( WF(I,KT) + WF(],KTP) )

200 CONTINJE

VZCZ3=2 0.9%( X(i)+ VICZ )
RAOCZEB=D 5% ( X(2)+ RHWQOCZ)
TC78 = 0,5*( X(3)+ TCZ )
RETURIN

END
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SUBRIUTINE ABCD(NOW,NOW2)

THIS SUR CALCS THE CQEFF FQOR THE RBAND MATRICES

COMMON/ZZONST/ZCONC20)

COMMION/IAR/VELZ, RHQCZ: TCZaVICZB, RHOCZR,TCZH
NDIMENSTIIN X(3)
COMMON/ZZOETF/ZA(L181,:3) , B(1B1.,3) . C(181,3)
D(181+3) ,
cOMMIN/Z3/ TC182,3) RHO(181,3) . VIi1B1,.3)
P(181,2) , DVTH181.,2) » NPTH(181,2)
WOX(181,2) WF(181,2) . VEQ(181,2)
DTTH(181:2) , Wp( 181

COMMAONZZ/ FC(80)
COMMAON /CNv/ IM, INDR, [Us MALP, MGAM, MP, MPTN, MPTS:
s NCD, ND» NJ» NO, MODs NOD1, N7, N1
FAJIVA_ENCE (FCt36), GAM ) (FC(41). VvZ )
» { TCLA), HMAX )
y (FC(72), DELLIV ),
(FC(88), SIP2 ),
(FGC(403, DELZV ),
(FCt78), DRAGF ), (FCt79), LRAGN )
2ETCI35) ., X (1))
21 (FT074), XLF) 2FCL758) ,XL0)
2 (F2042)Y, FGAM)
NIMENSTON A4(181,4)
FQUIVA_SNCZ (W(l,1), wWOX(1,1) )
COMMON/ZINDZX/ZNT o NTP, NTR, KTP,KTR, KT, NCON

C
{

THIS Trk  MASTER LIST OF THE CON ARRAY CALCED

IN RSET
CON EXPRESSION

1 -DT/E,

2 1,0/¢4,0%DTHETA)

3 DT/(4,0% DYHETA)

4 J * FUGAMMAY/ (DTHETA*%2)

) 2,/3, * J % F(GAMMA) /(DTHETA#*2)
6 4,/8, * J ¥ F(GAMMA) /(DTHETA##2)
7 1,72, * J * F(GAMMA) /(DTHETA#+2)
8 L * GAMMA + F(GAMMA)

9 (L SUB FI* FGAMMAY » 1,/2,

10 (L SUB 0X) * F(GAMMAY * 1,/2,

11 1./2, * ¢ DRAGO + URAGF)
12 GAMMA=1,0

55



aMa

(¢ e e

13 4,73,%) *F{GAMMA) *GAMMA*(GAMMA~1,0)
14 1,7(8,0=DTHETA)
15 1.0/DTI&E
15 1,0/7(2,0«DTHETA)
VZCZ32=vICIRB%»2
KsN1
{=1=1 FOR THE FOLLOWING LODP
no 500 1=1,nN1
RHO .COEFF
WPTSFUEA* (XLFoWF ([, KT)+XLO#WOXCTaKT) )
ACT21)2asV (T .NOW)*CONC2)
C(ls1)= ~A(],1)

B(l,1)= CON(15)+ 0,5+(C DVTH(I,NQW2)+ X(1) )
DCIatd= RAQCI,NT)I*(CON(15) «0,5*( DVTH(]l.KT) +VZICZ7) )

= V(I ,NT)s( RHO(I+1,NT)I=RHO(K NT) )#CON(2)
& VZ*RHQCZAH +(WP([)+WPT)*D,5
V CDEFF

C1= RHICI,NOW)»V(],NOW)*CON(2)

A(1,2)=z=C1-CONtS)

Ctl:.2)=x C1l-CON(5)

3¢1,2)z  RAOCI,NTBI*CON(1L3) +CON(H)«WP(]I)*0 ,5+CON(11)#RHO(T,NOW)
*ABS(V (I ,NOW))

1
DCTs2)3RHOCT SNTBY®V (T NTI*CON(15)=0,5*RHO(T ,KTI*V(Y,KTINDVTHE]KT)

1
2

[ IR NRe JRE; V SRFUKVE S

= UPTH(I,KTB)/GAM « CON(S)Iw(V(I+1,NT) «2,0«V(],NTI*V(K,NT))
s VOLaNTI*WPT  *0,5 =CONCLLI®RAO(T A NTI®V (T ,NTI®ABS(V(],NT))

T COEFF

C1zRAO(CI,NTRY®V (I, NTB)*CON(2)
ACT,3) s«C1 =CON(7)
C(1,3) 2+C1 «CON(7)
R(1,3) = 3IHOCINTB)/HMAX +CON(4) +WP(1)wD,5
VESQsV(I.NTB)we#2
VEBSUF= VBS2+ DEL2V !
VBSOO= vBS3+ DELLV
NE123) = RAQOC],NTBINRT(I NTI/HMAX =CAx{T{1+1,NT)=T(K-NT))
*RAOQCI NTBIWYZ *TCZB + CON(7)®(T(]I+1 ,NT)=2,0% T{I,NT)
+TCKANT) ) « TOIHONTI®WUPT 0,5 =CON(12)*P(T,KTR)
£ (OVTACL, KTRY+VZICZB )} » CON(B8)* W] ,NCON)
+ CON(133*( VZCZB2 + DVTH(L,KTR)*( DVTH(1,KTR)=VZCZB) )
+5132%( VBSQF»( CON(9)*aF(1,KTR) & RHO(I,NTB)=DRAGF»
SGRT(VRSGF) )
+ VBSOO*(CONCL10)*WOX(I,KTR)+RHO(CI NTB)«NRAGO*
SQRT(VBSQQ) ) )

»

500 K=1]

RETURN
END
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SUNROUTINE DEINTINOW)
COMMAN/3/ T(181,3)

]

1 P(1R1,2) ,

2 WOX(181.2)

3 DYTH(1R1:2)
COMMAN/_IMITS/

RHO(181.8)
DVTH(181.2)
WF(181,2)
Wwpe 181)

COMMIN/MARSET/ NPATH,VSTART ,NPMAX

COMMOIN/ZOEFF/ZA(181.:3)
1 D(181.3)
COMMOIN/Z/ FCL80)

B(181., %)

COMMON/INDIXANTaNTP NTH, KTP,KTR,KT,NCON

COMMON /CNM/ M, [NDR,
1 $NCD,  ND,
FQUIVA_ENCE (FC(1),T1)

1U,
Nd»

cAaLC 340
RADCINIIINT3IzRHOINTL A NOW)
RHO(NELSNTI3)=RHO(NEL: NOW)
NaNEl=N[1+1

MALP,
an

MGAM,
NOD

L
[

’

Vi181,3)
NPTH(181,2)
VsSQti1Rs1,2)

NI1aNEL,NI12,NE2,NI3,NES»JSTART, JEND

C(181,3)
MP, MPTN, MPTS
NOD1, N7, N1

Call INVTRICAINTIL,1),8(NT1,1),CINI1,1)oD(NIL 1) RHDINTTI,NTHYN)

caL.C v

IF(NP?ATHA=Z) 60,060,860
SYMETRICAL WAVE
YiNEL,NTR)=(,0
VINTL,NTR)=0,0
GO T2 290
ASYM=TRICAL WAVE OR V
VINTLNTR)I=2VINT L NOW)
VINELsNTHISVINEL NOW)
CALL

INPUT

caLt 71

T(NI1ANTRI=TI(NIL,NCHW)
TCuvbEL,NTRYI=TINEL,NOW)
calL
RETURN

=3 SEE]

«NE, 0,0

INVTRICACNIL,2),8(NT1,23,C(NT1,2).D(NIL,2),V

INVTRICAUNTL, 3) 4 BINTL,32,C(NI1,3),D(NIL,3),T

(NI14NTR),

)

(NT1,NTH) SN
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SUSRIUTINE INVTRI(A,B-C,D,X,NMAX)
DIMENSION A(L),B(1),C(1),D81),X%X¢t1)
K=1

SAVE=A(L)Y*X(NMAX)

ne1)=C PpLl) = SAVE )/8((1)
NENMAX)=SDINMAX)=C(NMAX)*X (1)
C(1)=C(1)73(1)

DO 130 1=2,NMAX

1F¢ ABS(A(I) » LT, 1,0E=10 2 GO TO 50
REI)=B8(1)/AC)=C(K)
colascely/zZaqry/Ber)

NEII=s  DCEY/ZAC]))=eD(K) }/B(C1)

GO T 130

c(1)=Cct1)/3(1)

ISRENISRYELIS D)

K=1

X(£)=0(K)

[sx=1

X(1Y=0(])=2( 1) «X{K)

K=l

1s1~1

1F¢lY 300,300,200

RETURN

END

¢ ReNe Be e |

10
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SURRKIUTINE MAPPER(M,N)
COMMIN/ZZONST/CONC20)

COMMONZ _AW/NFLAG,) XK, XEXP
COMMON/MARKET/ NPATHIVSTART,,NPMAX

COMMON/Z _IMITS/ NILTaNEL NI2)NE2 NT3aNF3+2JSTART, JEND
Vt181,3)

DPTH{181,2)

VSR(181.,2)

COMMIN/ S/ TC18L:3) RHO(1R1:3)
1 P(181,2) . DVTH{181.,2)
2l WOX(181.2) . WF(181,2) »
3 DTYH(181.:2) WRP( 181)
COMMION/ INDEX/NT ) NTP,NTR,KTP,KTR, KT, NCON
cOMMON Z0NM/ iM, INDR, 1Us MALP, MGAM, MP,
1 lNCDO NDI ANJ: NO, NODO NnDll
COMMIN/NOUZS/NCRIT(2)

CALT NEFDED VALUES
AND
MAD PRIME VARIABLES

GO T2 (10,80,120), NPATH
KE=nNli=1

NN 20 t=1,<E

Ji1sNll=]

Ki=Nllel

J2ENEL]

K2=NEl~]

MPTN,
NZ,

MPTS
N1

]
.



20
30

80

RHD(JLNTBI=RHD(KLNTH)
RHO( JZ2,NTBISRHO(K2,NTH)
TCIL NTIIST(KL,NTR)
TCJZ2NTAIST(KZ2,NTR)

WJL,NT3)==VIKL1,NTH)

VEJ2,NT3) ==V (K2,NTR)
cONTINJGE ‘
CALL FITI{RAQCL,NTR))
CALL FITCT(L,NTE)Y)
G0 1D 120

KE=zNEL~1

ne 108 I1=1,KE
JENEL1+]

K=NE1~]

QUIC S NTRBIZRHO(K,,NTH)
T(JsNT3)=T(K,NTB)
VI NTRI=»y (K NTRY
cUNTIN)Z

ng 150 I1=1,n1

O(T,<TI3)=R40CI,NTR)I*T(1,NTR)

CONTINJZ
RHD(ND o M) EHO (1, M)
VIND MYV M)
TENDeMYST (L, M)
PONULNYZP(1,N)

Kail

NU 290 1=1.N1

NVvTH{],NY= CON{L16) > (VII+1,M)= VIK,M))
NTTH{L,N)= CON(16)* (T(1+1,M)= T(K,M))

NETHIL s STPYZRHO (T, NTRI®DTTH(T ,N)+TCILNTBIYCON(16) *(RHO(]+1 ,NTH) =

1

RAQ(LNTBY)
Kz ]

CONTINJE

NV ITROND,NDZDVTH(1, N)
PPTHIND,N) ZDPTH(L,N)
NTTHOND,N)=0TTH(L,N)
RETUIN

END
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SUBRIOUTINE AUXCAL
DIMENSIIN 2D1S(361),WDIS(361), PWDIS(S61)

COMMON/ 3/ T(181,3) , RH((181,3) , V(181,3)
i Pt181,2) , DVTH(181,2) . NPTH(181,2)
2 WOX(181.,2) WFe181,2) o veQ(isl1,2)
3 OTTH(181,2) . WP 181)

COMMON/MARXEY/ NPATH,VSTART,NPMAX
COMMON/ZIND=XZNT  NTP ,NTBIKTP,KTR, KT NCON .
COMMON/ZZAINSY XNSUM,RMSW,RMSP, GAIN, RESPON,,NCYCLE . XNAVE ,NENT

* P NSTZPS, XNSAVE(600)
COMMIAN /CN4/ IM, INDR, 14U, MALP, MGAM, MP, MPTN, MPTS
1 +NCD, ND, NJa NO, NOD, NOD1. N7, N1

COMMIN/S/ TC(BO)
COMMIN/NODSS/NCRIT(2)
COMMON/ZPLT/ ART(800,3)
DIMENSTIN 7(200,3)

EQUIVALENCET ( F(1,1),XNSAVF(1) )

FOQUIVAL=NCE  (INC,NCRITLI))
EQuUIVALZNCE (FC(1), TI)
DATA P1/3,14126/

VARIILES INITILIZED IN RSETY
PSUMzZPL1,KT)
WDISE1)2WOX (1 KTY&WF (L ,KT)
WSUM=WNIS(1)

XMAXZP(LKT)
XMINZP(LKT)
NO 50 182.N1
PSUMSPE M+ PL],KT)
XMAXS AMAXLOXMAX, P(L1,KT) )
XMINSAVMINL(XMIN,P(1,KT})
WDISCEI)z WOXLI KT )® WE(],KT)
59 WSUME AS5UM +WDISCD)
XN1=VL
WAVESWS JM/XN1
PAVE=PS UM/ XN
N0 100 [=1,N%
PRISCIY=s POI4sRTI/PAVE =1,0
WRISCI)sWRISCI Y/ WAVE-T, 0
PWRISCII=WDIS(T)*PDIS(])
WOISCIYsWDIS(])wx2
PRISCII=PDISC ) ww2
100 COMTINJZ !
PINTSU=AEDS(RDIS)
RESPIN=AEDS(PWDIS)I/PINTSA
IF(NCNT ,NE, 8) GO T0 150
NCMT=NINT«1
RS1sES20N
XNAVE=(],0
Gg T2 210 ;
150 XNAVESXNAVEZ+D,5«FC(A)*(RS1+RESPON)
RS1=RES20N
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2110

[F( MPTN,NZ, 0 ) RETURN
ARTC(IU,L)= T1
ART(IU,2)2(XMAX=XMIN)/PAVE
ART(IU,3)= P{NPMAX,KT)

RMSW= SIRTIWEDS(WDISI*0,5/P1)

RMSP = SQRT(PINTSQ¥D,%/P1)
GAINZ RYSW/RMSP
FCIUs,1)=GAIN
FClU,2)=RESPON
F(IU,8)=XNAVE

RETURN

END

SJUBIIUTINE SHIFT

~rOMMON /CNMY/ IM, INDR, 14, MALP, MGAM,
1 s NCD, NI, N NO,  NODa
COMMON/DAMPER/DEL ¢ YPL1L VPN, DELD
COMMAIN/Z_IMITS/
COMMION/ZITER/ MAXIT
COMMON/E/ FC(80)
CUMMON/ 3/ T(181,3) RHO(1R1.,3)
1 P(181,2) DVTH(181.:2)
2 WOX(18142) WF(3LR1,2)
3 DITH(1B1:2) , Wp( 181)
COMMONZINDEX/NT S NTP,NTR, ,KTP,KTRB,KT,NCON
DIMENSIOIN 3(181,9)

FQUIVALENCEZ ( Bt1,1), T(1,1) )

- W

EQUIVALENCE (FCe 13, T1 )
1. (FC( 3), M ), (FCt 4), HQO )
2, (FCC 7)), HZD2 ), (FCt R)s» EMIN 1,
3, (FC¢i10), EXL )

TF(MPTN ,EQ, 0) MPTN=MPTS
NCUENCD+1

“RIOXI CH

KONVER=1

ERMAXZQ, 0

no 60 I=1,V1

JFCI,EQ,NIL, GR,  [,EQ,NE1) GO TO 60
[FCA3S(VCI.NTE)) LT, 1,0F=12) GO TO 60
FRRE(VIISNTRI®V(I,NTB ))/V(],NTB)
XERR=A3S(EIR)

FRMAXZAMAXL (ERMAX , XERR)

IF (ERMAX NZ,XERR) GO TO 60

ERRPTZERR

NMAX =]

MP, MPTN,
NODL,

(FC( 2),
(FCCt 61,
(FC( 9),

NZa

NTLsNEL,NI2,NE2,NT3sNES,» JSTART, JEND

MPTS

V(181,3)
NPTHE181,2)
VSR(181,2)

RKT
HMaX
EMAX

61
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CONTINJE

WRITE(%,900) NMaX,ERRPT
FORMAT(3X,15.E17,7)
IF(ERMAX,GT,EMINYKONVER=Q

IF(NCD, 3E,1AX]T)

GO TGO 500

IFC(KONVZR)IS500,200,500

NSAVE=NTP
NTP=ENTS
NTB=NSAVE
RETURN
MGAME =1
IM=NCD
NCD=1
TI=Tl+A
MPTNZMITN~1

SHITT
KTP=aXT

NT=NTR

KT=KkT18
RETURN
gEy0

POINTERS
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SUBRIUTINE MAXMIN(Y X XL o XR,aYT,YB,LsMsNNPLT,NODES,NPLPF)

DBTAINS BOJNDS FOR NPLT FUNCTIONS TO BF PLOTTED NPLPF PER FRAME
FOR NOD=S >01INTS,

COMMIN /DE3UG/ IDEBUG
DIMENSION YL MaN), XCLYy YTEM), YB(M)

OBTAIN X LIMITS SINGLE FUNECTION

XL = X(1)

XR = X

no 10 = 2,NODES

XL o= AMINLIOXL.X(1))

XR = AMAXL1(XR,X(I))
10 CONTINJZ

OBTAIN _IMITS FOR NPLT Y FUNCTIONS
. NOD 40 1 = 1,NPLT

YRCI) = Y(1,1.1)

YTC1Y = Ye(])

noO $0 J = 1.NPLPF

no 20 < = 2,NODES

YECDY = AMINLCYBOI) ,Y(K,1,0))

YTOD) = AMAXL(YT(D),YU(K,1,4))

20 CONTINJ:
30 CONTINJZ
40 CONTINJ=
IF(IDE3JG,NE, () GO TO 999
DO 200 11X = $,NPLT
DU 200 1Y = 1,NPLPF
200 WRITE(4,100) (YC(IZaIX,1Y),1221,NODES)
100 FORMAT(IOHOY ARRAY //{4E20,8))
WRITZ(6,101) NPLT,NPLPF,NODES, XL, XRa (YTCOIX)HYBOIX), IX=1 NPLT)
101 FORMAT(IBHONPLT,NPLPF,NODES=,3110/4X, 6HXLsXR=z,2E20.,8//
1 12ROYT(1)YR(ID)/Z7/7(2E20,8))
999 RETURIN
END

il

63



OO0 0

N

(% IR o I ]

2o

[ N}

64

1
2
3
1

1
2
3

SUBROUTINE PLTSUR(IPLCT)

IPLCT 13 CJRRENT NUM OF PLOTS RESINING IN RUFFER FCTPLT(1,JsX)

IT IS INITIALIZED TO 0 IN MAIN, INCREMENTED AND RESET IN PLTSUB

FUNCT[INS OF PLTSUB ARE., 4.,
TEST F2J PLOY POINT, FILL PLOTBUFFER, CALL PURGE T0 EMPTY
QUFFER AMEN NECESSARY .

NEED AZJESS TO CURRENT TIME €¢TI1) TQ TEST FOR PLOT POINT
NEED ASZESS TO NUMBER OF NODES, . ND
NEED AZZESS TO FUNCTIONS TO BE PLOTED.,P,RHO.TsV.W

COMMON/Z3/ T(181,3) , RH(Q(181,3) . Ve181,3)

P(181:2) . DVTH(181.2) - NPTH(181,2)

WOX(181,2) » WF(181.2) » VSQ(181,2)
DTTH(181.,2) , Wp{ 181)

COMMON/ZINUSXZNT  NTP  NTH,KTP,KTB,KT,NCON
COMMON /CNW/ IM, INDR, 1V, MALP, MGAM., MP, MPTN, MPTS
+NCD, NTY NJ. N0, NOD. NOD1, NZ, N1
COMMON /DE3UG/ INDEBUYSL
COMMON /E/ FE(BO)
COMMON /PLINFQ/ FCTPLT(181,6,4), TITLE(S)
s TFPLIT(%), TIMEP(4), THETAP(181), YT(6), YR(6), TRLOT(5D)
y DEL, IP_0T, NLPHGH, NLPHGV, NLTHGH, NLTHGY, NPLPF
s NPLT. NPHPLT, XLEFT, XRIGHT, TIMAX, IPLMAX

FQUIVA_ZINCE (FC(1),TI)

oF NRLLT = 0 PLOTTING FUNCTIQONS VS THETA AT CONSTANT T NQOT
REQUIRED o ss s s RETURN

IF(NRLT,EQ,0) GO TO 40

MGAM IS SET Y0 =1 IN SHIFT UPON COMPLETION OF AN INTEGRATION
STEP, CANNOYT PLOT IF INTEGRATION STEP NOT COMPLETED,

IF (MGAYM,NE,=1) GO TO 40

PLOTTING RZQUIRED,,, TEST FOR PLOT POINT

TEMPA
TEMPB

TP_OT(IPLOT)
ABS(TI[=TEMPA)

I1F NEXT ST4T TRUE HAVE A PLOT POINY

1F (TEv?B,_E;DEL)Y GO TO 25

MUST MAKE SURE TPLOT(IPLOT)Y HAS NOT BEEN BYPASSED
i1F SO THEN MAKE TPLOT(IPLOT) CATCH UP AND PASS TI!
1F (71, T.TEMPA) GO TO 40

MAKE T2_07 CATCH UP

(PLOT = IP_OF + 1

1F CIPLIT,LE; IPLMAX) GO TO 20

2
]
L
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200

9]

22

25

(=Y
fo=1
[

31
311
32
322

33

333
34
344
35
355
36

365
37

HAVE COJNTED PAST TIME PLOT ARRAY, CUT OFF FURTHER PLOTTING

NPLT = 0
cALL PLITND
GO T2 49

CURRENT TIVE CLOSE ENOUGH TD A PLOT STATION TO WARRANT PLUTTING

IF MAX 2LQTS PER PAGE HAVE BEEN REACHED PLOT THAT FRAME
IF CIP_ST,LTiNPLPF) GO TO 30

PLOT FRAME BY PURGING PLOT ARRAY, RESET COUNTER

CALL PJRIGE (9) ‘

IPLCT = 0

INCREMENT COUNTER FOR ND PL DTS PER FRAME

IPLCT = IP_CT + 1

IFLIDE3JG,2Q,0) WRITE(6,101) MPTN, NPLT, ND,1PLCT
FORMATU(LHO,*IN PLTSUB REFORE DO 37+%,4110)

FILL PLOT ARRAY(WHICH ACTS AS A BUFFER ALLOWING MULTIPLE
PLOTS 2ZR TRAME) WITH FUNCTIONS TQ 9E PLOTTED

N0 S7 1 = 1,NPLT

IGOTD = I¢2L0T(])

GO T3 (31,32,33,34,35,36), 1607TD
31 = PIZSSJURE DISTURRBANCF

DO 311 J =1,ND

FCTPLTCJe I, IRLCT) = P{J,KT)
CONTINJSE

G0 T2 37

no 322 J = 1,ND
FCTPLT(Je 1, IPLCT)Y = RHO(,J,NT)
CONTINJZ

G0 T2 37

no 338 J = 1,ND
FCTP.TUUa L, IPLCT) = T(JLNT)Y
CONTIN =

G T3 37 .

No 344 J = 1,ND
FCTPLTCJs 12 IPLET)Y = V(J,NTY
CONTINJZ

a0 1D 37

NO 355 J = 1,ND .
FCTPLTUUL L4 IPLECT) 2 WF{JeKT)
CONTINJZ ;
60 T3 37

ng 366 J = 1,ND
FCTPLTC s 1, IPLECT) = WOX(JsKkT)
CONTINJZ

CONTIN IS
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39

102

40

RUFFER ARRAY FCTRLT(J,1,K) 1S FILLED FOR

J = 1 T) NUMBER OF NODES + 1 .
1 = 1 TD NUMBER OF FUNCTJIONS TO BE PLOTTED
K = {1 T) BURRENT NQ PLOTS PFR FRAME ,LE., NPLPF

TIMER(I2LCT) = 11
1F (TIMEP(IPLCT),LT,TPLOT(1PLMAXY) GO 7O 39

1F LAST PLOT POINT PUT IN RUFFER Y s o 0 s .

1, ADJJST AND SAVE NUMBER OF PLOTS PER FRAME,

2. PUIIE INTERNAL BUFFER FCYPLTC(L,J,.K),

3, PURSE 2L0DT PACKAGE BUFFERS AND RESET NPLPF

4, CUT OFF FURTHER FUNCTION VS THFTA PLOTTING (GO TD 22),
ISAVE = NP_PF

NPLPF = [PLCT

CcALL PJRGECD)

NPLPF = ISAVE

GO TJ 22

CONTINJ=

1F(10E3.J6,20,0) WRITE(6,102) MPTN,NPLT.ND
FORIMAT(24HD MAVE COMPLETED LOOP 37, 3110)

INCREMENT TIME PLDT POINTER, CHECK IF COUNTED PAST TIME PLOT ARRAY
1PLOT = [P_CT + 1
IFLI2LOT, BT, IPLMAXY GO TO 22

GO T2 22 EMPYIES BUFFERS FOR PLOT AND CUTS OFF FURTHER PLOTTING

CONTINJE
RETUIN
enb
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SUBROUTINE PURGE (1GOTN)

THIS SJ3 PLOTS NPLPF PLOTS OF A FUNCTION VS THETA ON ONE FRAME
UTILIZZS SC4020 SOFTWARE ROUTINES

HAVE N2_T FUNCTIONS TO PLOT, NPLPF PFR FRAME

IFPLIOTCL) POINTS TO ITH FUNCTION

1GOTD = 0 2LOT THETA VS FUNCTION FOR CONSTANT TiHE
16070 = 1 2L0T PRESSURE HISTNRY PLOTS

COMMON /CNM/ DUM1(2), 1U, DUM2(6), NNy DUM3(6)

COMMON/ZPLT/ ART(80U0.,3)

COMMON /DE3UG/ IDEBUG

COMMON /PLINFQ/ FCTPLT(181,6,4), TITLE(S) :
1, IFPLOT(8), TIMEP(4), THETAP(181), YT(6),» YB(6), TPLOT(50)
2 o DEL, IP_OY, NLPHGH, NLPHGV, NLTHGH, NLTHGV, NPLPF
3 4o NPLT, NOHRLY, XLEFTs XRIGHT, TIMAX, IPLMAX

COMMON /PTEXT/ PTXL(3)pROTX(I)IyTTX(I) 2 VIHX(3) 2 WFTX(E) ,WOTX(Z)
DIMENSION 3CDTXT(1), MRKPT(5)

EQUIVA_ENCE (BCOTXT(1),PTX(1))

NATA (MIKPT(12,12145) / 38,63.,16155,44/

c 38 = CIICLE, 63 = SQUARE, 16 =z +, 55 = X, 44 = *

DATA ID_s 1DM, JON / 1B1,6,4 /

NATA PTX /24HPRESSURE WAVE PERTURR
NATA RATX /24HDENSITY WAVF PERTURR
NATA TTx /24nT WAVE PERTURR
NATA VT4X 724V THETA WAVE PERTURR
NATA WFETX /24WW FUEL WAVF PERTURR
RATA WATX /24HW 0OXID WAVFE PERTURR
NATA LBOG,43,NONE /800,3,1/

A U

C 2
1F (1GIT0) 1,14,60
1 noM{INE
c
" STEP 1 IS TU DRAW GRID, NEFD MAX=MIN
C NETAIN vAXMIN FOR X AND FOR Y(NUMBFR OF FUNCTIONS) (NPLT FUNC)
c
calbk MAXMIN(FCTPLT(L,31,1) , THETAPCL ) . XLEFTXRIGHT,YT(1),YB(1)
1+ IDLL1DM,IDN, NPLTs ND, NPLPF)
C
£
o DBTAIN 3RID SPACING AND APJUSTED MAX AND MIN FOR X

X1 = FLOATANLTHGVY)
cALL Scal (XRIGHT  XLEFT XT,DX,XMIN,DZZ)
e ADJUST CURRENT X | IMITS
XLEFT = XMIN
XRI1GHT = X_EFT » DX « XI
C REGIN 2 _0TTING OVER LOOP (NPLT = NO FUNCTIONS TO BF PLOTTED)
DO 59 12 = 1,NPLT
IFC]DEIIG,2Q40) WRITE(CE,130) TP XLEFTXRIGHT,YT(IP),YR(IP),DX,DY
130 FORMAT(Z27HOIN PURGE, PLOT FUNCTION 15,157/ 14HOXLEFT,XRIGHT=,
1 2E20,8/7/7 15HOYT(IP),YB(]IRP)=,2E20,8// 7HQDX,DY=2,2E20,8)
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SET EXTRA MARGIN SPACING

CALL SETHLV ( 40,100, 40, 40)

OBTAIN 3RID SPACING AND ADJUSTED MAX AND MIN FOR

X1 = FLIAT(NLTHGH) "IN FOR Y FUNCTIONS
CALL SZAL CYTCIR),YBCIP),X1,DY,YMIN,NZ2Z)

IF (NY,3E,0,%3E~3) GO 70 15
ny = ¢,3€-3
YMIN = YMIV + DY

CUNTINUE
ADJUST ZURRENT Y LIMITS
YREIP) s Y9IN
YTCIP) 5 YMIN « DY =X]

MINUS NY CAUSES Y AXIS TO BE LAHELFD IN SCIENTIFIC NOTATION
PLUS NY CAJSES Y AX1S TD BE LARELED INM FIXED POINT NOTATION

NITE IV FLIXED P0INT NOTATION LFADING ZEROS TO RIGHT OF , SUPPRESSED

NY = +4§
1F (YT(IP)'LYQGQJ» QOR' YB{Ip,llTIO'l) NY = -4

FOR ThE FI3ST PLOT,]F,GRID,ADVANCE FILM
CALL GRIDIV(SXLEFT , XRIGHT ,YR(IPI,¥YTCIP) DX, DY y=0sel,~1,~1,+5,NY)

CALL RITE2V(125,990,1020,90,%,40,1,TITLE(L),1ER)
AFTER J3TAINED GRID DU LOOP OVER NPLPF

no 80 13 = 1,NPLPF

PLOT PAINTS FOR 1 TIME INTERVAL AT A TIME

CONNECT POINTS FOR 4 TIME INTERVAL

FIRST 2)INTS

CALL ARLOTV (NDsTHETAP(L),FCTPLT(1,1P,10)21,1,1,MRKPT(10Q),KK)

IX1 = NxY(THETAP(1))
1X2 = VYXV(THETAP(2))
1YL = NYVITCYPLT(1.1P,1Q))
IY? = NYV(FCTPLT(2,:1P,1Q))

CALL LINEVIIX1,IY1,1X2,1Y2)
FONNECT AL. OTHER POINTS
NUP = ND = 1

NO 20 IR = 2,NUP

IX1 = NXV(THETAP(IR))

1X2 = NXV(THETAP(IR+1))

1YL = NYV(SCTRPLTOIR,IP,IQ))
1Y2 = NYV(TCTPLT(IR+1,1IP,10))

cAaLL LINEV ( IX1,1Y1, 1X2,tY2)
CONTINIE
CONTINJ®
MPLPF 2_0TS HAVE BEEN GENERATED FOR THIS FRAME.PROCEED 10
LAREL IT. 1, LABEL AXES
2, LABEL CHARACTERS VS TIME POINTS
LASEL X AXIS
CALL RITE2V(300,10.1000,90,1,16,-1,16HTHETA [N RADIANS,[ER)
LAREL Y AXIS



T3

40

110
50

60

9]

140

e

IFPLOT(1) ZONTAINS POINTER FOR TYPF OF PLOT VS THETA FOR FNG 1,
INT = IFPLOT(]P) '

INT = INT » 3 = 2

cAalLL R!T52V(10¢30001000:180:1;24.*1pHCDTXT(INT).!ER)
LABEL JJTSIDE MARGINS TO IDENTIFY CHARACTERS

SET RASTER POSITIONS

cALL RITE2V(950,980,1023,90,1, 4,-1, 4HTIME, JER)

IX = 940 .

1Y = 956§

Nno 40 1JP.= 1,NPLPF

NG B MIKPT(TJP)

CALL PLITV (IX,IY,NS)

MOVE X 208IT QVER 316 RASTERS

IX1 = IxX + 16

PRINT ay = SIGN (11 = DEfIMAL EQUIV FOR =)

caLL PLITVOIX1,1Y,11) ‘ :

NOW 2097 VALUE THAT CHARACTER EQUALS AFTER SPACE

IX{ = IX1 + %6 '

CALL LAILY (TIMEP(IUP)IXL,1Y, 74 1, 2)

MOVE DIAN 1 LINE

Iy = ]y ~ 18

CONTINJZ

IFCINDE3JG 2@ 0) WRITF(6,110)IPLOT,NLTHGH NLTHGY JNPLPF,NPLT
FORMAT(1HD,31HA PLOT FRAME COMPLETFD, VAR ARE, 616)
CONTINIZ

gD T 939

CONTINJIE

IF (VP-A2LT,NE,0) GO TO 999

PRESSUR: HISTORY PLOT REQUFSTED

Ju 1S NJMBER OF PLOT POINTS

ART(IU,1) IS TIME

ART(IU,2) 1S (PMAXSPMIN)/PAVG FOR TIME ART(1U,1)

ART(IU,3) IS PRESSURE AT TIME ART(IU,1)

FRAME 1 1S TIME VS (PMAX=PMIN)//PAVG, 1 PLOT PER FRAME
FRAME 2 1S TIME VS PRESSURE, 1 PLOT PER FRAMF

CALL MAXMIN(CART(1,1), ART(1,1). XLsXRaYT(1Y,YB(1),L.B00,M3

1 SNOVE. S, 1 J, 12

YTOLY,Y3(1) = TIME LIMITS

YT(272Y3(2) 3 (PMAX®PMIN)/PAVGE LIMITS

YT€3),Y3(3) = PRESSURE LIMITS

»wew X 1S NOT USED IN THESE PLOTS

IF(IDE3JG,20,0) WRITE(6,140) (1,YTe1),¥YBCI),1=51,3)
FORMAT(26HOIN PURGE(L).T,YTL1),YB(1)// (110,2E20,8))
OBTAIN 3RID AMD SCALE FACTORS

XTIME = FLOATINLPHGV)

XFUNZ = FLOAT(NLPHGH)

IT = 2

CALL SZAL (YTEL),YB(L)XTIME, DX, XMIN,DZL)

CALL STAL (YT(2),YB(2):XFUNC,DY1,YMINL,DZ2)

CALL STAL (YT(3),YB(3),XFUNC,DY2,YMIN2,DZ2)

ye{l) = XMIN

YT(1) = XMIN + DX *= XTIME
YyRt2) = YMINI

YT(2) = YMIN1 « DYi * XFUNC
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o )

65

70

75
80

993
999

yB(3) YMINZ

YT(3) YMINE + DY2 * XFUNC

IFCIDESJG,EQ;0) WRITE(6,141) (1,YT(]),YB(1),121,3)
FORMAT(L17HO0 ADJUSTED LIMITS// (110,2€20,8))
MARGIN _IMITS REMAIN FROM PRIOR CALL TO SETMIYV
PLOT (PYAX»PMIN)/PAVG VS T ON FIRST FRAME

xLbh = v3(1)

XRR = YT(L)

DELY= DY1

CONTINJZ

NY 5 +§

IF CYTOIT),LY,0,1 JOR, YBCIT),LT,0,1) NY = =4
CALL GRIDIVII XLLXRR YBCIT),,YTCIT) DX DELY, =0, =0,n1,=1,26,NY)
CALL RITE2V(125,990,1020,90,1,40,1,TITLEC(L),ER)
PLOT FUNCTION

CALL A2 0TV (lUsART(1,1),ART(1,1T),1,1+1, MRKPT,KK)
CONNECT LINES

IX4 = NXV(ARY(1.,1))
IX2 = NXV(ART(2,1)!
1YL = NYV(ART(1,1T))
1Y2 = NYV(ART(2,1T))

CALL LINEVOIXL1,IY1,1X2,1Y2)
T =1
NO 70 13 = 2,NUP

z

L
v
L]

IX1 = UXV(ARY(IG,1))
IX2 = UXVIART(IQ+1,1))
1YL = MYVOART(IG,1T))
1Y2 = NYV(ART(IQ+3,17))

CALL LINEVCIXL,IY121X2,1Y2)

CONTINJZ

LABEL X AXIS

CALL RITE2V(300,10,1000,90,1,12,-1,12HT IN RADIANS,IER)

LA3EL Y AXIS

IFCIT,23,2) GO TO 75

CALL RITE2V(20,300,999,180,1,16,1,16HPRESSURE HISTORY, |ER)
G0 T 46

CALL RITEZ2V(10,300,1000,180,1,17,=1,17H(PMAX=PMIN)/PAVGE, IER)
IF (IT,20,3) GO TO 998

11 =3
DELY = JY2
GO T3 45

PYRGE 3JFFERS FOR ALL PREVIQUS PLOTS THIS RUN
cAaLL PLITND
RETURN

END

]
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SUBRJIUTINE SCAL (XMAX,XMIN,X1,DX,X0,XE)
FORTRAN IV PLOT SCALE OPTIMIZATION ROUTINE,
DIMENSIIN S(3)

DATA S/1,22442,/

- - o
o0 oo

MAX=XMIN)/X]
WY21,21,6

ng 20 1=1.3

As1,0+A _DG10CW/SC(]))
B=AINTCA)
IF(ta,z23,8),0R, (A, LT.0,0))R=8Bs1,0
eS8l )e10,0wen
D=AINTIAMIN/C)Y
1F(C*D, aT (XMINYU=Dw1, 0
Nel*D
[F(X]1®ec=-XMAX*[)20,15,15
F=w/(

IF(XE=S)17,20,20

Nx=C

X0=4

Xe=t

CONTINIE

RETURN

EnND

|
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APPENDIX C
Distribution

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, Ohlo 44135

Attn: Dr. R. J. Priem (2)
Dr. C. E. Feller (2)

NASA Lewls Research Center
21000 Brookpark Road
Cleveland, Ohio 44135

Attn: Norman T. Muslal

NASA Lewis Research Center
21000 Brookpark Road

Cleveland, Ohio 44135

Attention: Library (2)

NASA Lewis Research Center
21000 Brookpark Road
Cleveland, Ohio 44135

Attn: Report Control Office

NASA Scientific and Technical
Information Facllity

P.O.Box 33

College Park, Maryland 20740 (6)

Attention: NASA Representative

NASA Lewis Research Center
..21000 Brookpark Road
Cleveland, Ohioc 44135

Attn: E. W. Conrad

NASA Headquarters

6th & Independence Avenue,S.W.
Washington, D.C. 20546

Attn: R. S. Levine, Code RPL

NASA

George C. Marshall Space Flight Ctr,

R-P&VE-PA
Huntsville, Alabama 35812 !
Attn: R. J. Richmond

NASA

Manned Spacecraft Center
Houston, Texas 77058
Attn: J. G. Thibadaux

AFRPL(RPRRC)
Edwards, California 93523
Attn: B. R. Bornhorst

AFRPL(RPPZ) :
Edwards, California 93523
Attn: Capt. C. J. Abbe

Alr Force Office of Scientific Research

1400 Wilson Blvd.
Arlington, Virginia 22209
Attn: B. T. Wolfson

Chemlical Propulsion Information Agency

8621 Georgia Avenue
Silver Spring, Maryland 20910
Attn: T. W. Christian

U.S. Naval Weapons Center
China Lake, California 93555
Attn; D. Couch

Office of Naval Research
Navy Department
Washington, D. C. 20360
Attn: R. D. Jackel, 429

U.S8.Naval Weapons Center
China Lake, California 93555
Attn: E. W, Price, Code 508

U. S. Army Missile Command :
AMSMI-RKL, Attn: W. W. Wharton
Redstone Arsenal, Alabama 35808

ARL(ARC)

Attn: K. Scheller
Wright-Patterson AFB
Dayton, Ohlo 45433

Unliversity of California

Department of Chemical Engineering
Attn: A. K. Oppenhiem

6161 Etcheverry Hall

Berkeley, California 94720
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University of California

The Pennsylvania State Unlversity

Mechanical Engineering, Thermal Systems Mechanical Engineering Department

Attn; Dr. R. F. Sawyer
Berkeley, California 94720

University of California
Aerospace Engineering Department
Attn: F. A. Willlams

P.0O.Box 109

LaJolla, California 92038

Jet Propulsion Laboratory
California Institute of Technology
Attn: J. H. Rupe

4800 Oak Grove Drive

Pasadena, California 91103

Jet Propulsion Laboratory
California Institute of Technology
Attn: R. M. Clayton

4800 Oak Grove Drive

Pasadena, California 91103

Colorado State Urilversity
Attn: C. E. Mitchell
Fort Collins, Colorado 80521

Dartmouth University
Attn: P. D. McCormack
Hanover, New Hampshire 03755

Georgia Institute of Technology
Aerospace School

Attn: B. T. Zinn

Atlanta, Georgila 30332

Illinois Institute of Technology
Rm 200 M.H.

Attn: T. P. Torda

3300 S. Federal Street
Chicago, Illinols 60616

]
Massachusetts Institute of Technology
Dept. of Mechanical Engineering
Attn: T. Y. Toong
Cambridge, Massachusetts 02139

University of Michigan
Aerospace Engineering
Attn: J. A. Nicholls

Ann Arbor, Michigan 48104

Ohlo State University

Dept. of Aeronautical and Astronautical
Engineering

Attn: R. Edse

Columbus, Ohioc 43210
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Attn: G. M. Faeth
207 Mechanical Engineering Boulevard
University Park, Pa. 16802

Princeton Unlversity

James Forrestal Campus Library
Attn: I. Glassman

P.O.Box 710

Princeton, New Jersey 08540

Princeton University

James Forrestal Campus Library
Attn: D. Harrje

P.O.Box 710

Princeton, New Jersey 08540

Purdue University

School of Mechanical Engineering
Attn: J. R, Osbom

Lafayette, Indiana 47907

Sacramento State College
School of Engineering

Attn: F. H. Reardon

60000 J. Street

Sacramento, California 95819

Purdue University

Jet Propulsion Center

Attn: R. Weiss

W. Lafayette, Indiana 47907

University of Southern California

Attn; M. Gerstein, Dept. Mechanical Eng.
University Park

Los Angeles, California 20007

University of Wisconsin
Mechanical Engineering Department
Attn: P. S. Myers

1513 University Avenue

Madison, Wisconsin 53705

Aerojet-General Corporation
Attn: R. McBride

P.0O.Box 2956

Dept. 4921 Bldg. 160
Azusa, California 91703

Aerospace Corporation

Attn: O. W. Dykema
P.0O.Box 95085

Los Angeles, California 90045



Bell Aerosystems Company
Attn: L. M. Wood

P. O. Box 1

Mail Zone J-81

Buffalo, New York 14205

Dynamic Science, a Division
of Marshall Industries

Attn: B. P. Breen

1900 Walker Avenue
Monrovia, California 91016

Multi=Tech., Inc.

Attn: F. B. Cramer

601 Glenoaks Blvd.

San Fernando, California 91340

Pratt & Whitney Alrcraft

Florida Research & Development Ctr.

Attn: G. D. Garrison
P.O. Box 2691
West Palm Beach, Florida 33402

Rocketdyne

A Division. of North American
Aviation

Attn: E. C. Clinger

6633 Canoga Avenue

Canoga Park, California 91304

Rocketdyne

A Division of North American
Aviation

Attn: R. B. Lawhead

6633 Canoga Avenue

Canoga Park, California 91304

TRW Systems

Attn: G. W. Elverum

1 Space Park

Redondo Beach, Californla 90278
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